Dan bai di¢n tir cong suat 1

Mon hoc DPIEN TU CONG SUAT
( Mach dién tit cong sudt, diéu khién va ting dung )
Tai liéu tham khdo:

- tiéng Anh: - POWER ELECTRONICS — Circuits, devices and applications , M.H. Rashid
Pearson Education Inc. Pearson Prentice Hall 2004.

- tiéng Viét: - Bai gidng Pién i cong sudt 1 & Bai tdp, PTS. Nguyén vin Nho, Khoa
Dién & Dién tir, PHBK TP HCM

- Dién tii cong sudt, NGUYEN BINH, Handi, nha xudt ban KHKT

- Dién tit cong sudt va diéu khién dong co dién, ( dich tir tiéng Anh )

Chuong 1 : IVI6 DA‘U

1.1 CAC KHAI NIEM:

U MACH |
- Céc tén goi cua mon hoc: & BIEN TUT
Dién tif cong suat (Power Electronics) NGUON CONG SUAT

. TAI

Dién tlt cong suat 16n.

K§ thuat bi€n d6i dién ning.

_ DTCS 1a mot bé phin ciia Pién tit dng BIEU KHIEN'
dung hay Pién tit cdng nghiép. BBD
Hinh 1.0 : S do khai thiét bj BTCS
- Phan loai cdc bo Bi€n Pdi (BB - Converter) theo muc dich:

AC --> DC: chinh luu

AC --> AC: BBP 4p AC, Bién tan.

DC --> DC: BBP 4p DC

DC --> AC: Nghich luu

- B6 Bién P3i = Mach PTCS + b PIEU KHIEN

Mach DTCS gidi han & cdc sd do st dung linh kién dién t& 1am viéc & ch& do déng ngit,
goi 1a Ngit Pién Pién Tt (NPBD) hay Ban DAn diing cho bién d8i ning lugng dién.

Bo PIEU KHIEN = Mach diéu khién vong kin (n€u c6) + Mach phit xung.

Mach phat xung cung cip dong, ap diéu khién cic NPBD dé€ chiing c6 thé déng ngit theo
trinh ty mong mudn.

Vi du Ngit Pién Ban Dan: Diod, Transistor, SCR ...
- BBD con c6 thé phan loai theo phuong thiic hoat dong ctia NPBD.
1.2 NGAT PIEN BAN DAN:

Con goi 1a ngdt dién dién t¢ ( NDDT ), 1a cdc linh kién dién t& ding trong mach PTCS
dugc ly twdng hda d€ cic khio sat clia mach PTCS c6 gi4 tri tdng quat bao gdm ( hinh 1.1):

- DIODE ( chinh luu ): Phin tif din dién mdt chiéu c6 hai trang théi:
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ON : khi phan cyc thudn: Vak > 0, c6 thé xem sut ap thudn Vg= 0, dong qua mach
phu thudc ngudn va cdc phan tif thu dong khic.

OFF : khi phan cuc ngudc: Vak <0, c6 thé xem nhu hd mach.
I I I

A S
5CR
N I ECIEELY . M4 ( din) A K [m3(ddn)
_H_ | —~e— LV =0 A v =0
F o F
O G
Khéa Vag Khéa Vg Khéa Vux
Diode NDBDMC SCR

Hinh 1.1: Céc loai ngét dién ban dan.
- SCR ( Chinh luu ¢6 diéu khién ): Hoat dong nhu sau:

OFF : C6 thé ngit mach c4 hai chiéu ( VAK > 0 va VAK < 0 ) khi khong c6 tin hiéu
diéu khién : G =0.

ON : SCR tr§ nén din dién ( déng mach ) khi ¢6 tin hiéu diéu khi€n: G # 0 va phan
cuc thudin VAK > 0. Pi€m dit biét 1a SCR c6 kha ning tu giit trang thdi din dién: né khdng cin
tin hiéu G khi da ON, SCR chi tr8 vé trang thdi ngit khi dong qua né gidm vé 0.

- Ngit dién ban din mot chiéu ( NPBDMC ), goi tit 1a ngit dién hay TRANSISTOR c6
hoat dong nhu sau:

OFF : Ngit mach khi khong c6 tin hiéu diéu khién : G = 0. Ciing nhu cic
TRANSISTOR, NDBDMC khong cho phép phan cuc nguge ( VS luén luén >0).

ON : NPBDMC tré nén din dién ( déng mach ) khi ¢6 tin hiéu diéu khién: G =0 va
tré vé trang thdi ngit mach khi mit tin hiéu G. NDPBDMC c6 hai loai chinh : BJT tuong tng tin
hiéu G 1a dong cuc B, va MOSFET cong suit v6i G 1a 4p Vs .

Céc NPBD 1y thuyé&t trén chi 1am viéc véi mot chiéu cla dong dién, trong khi cédc linh
kién dién tif cong suat thuc t€ c6 thé din dién ci hai chiéu, lic d6 mach khio sit sé bi€u dién
bing t6 hgp cac NPBD ly thuyét.

1.3 NOI DUNG KHAO SAT MACH PTCS:
Pdu vao khdo sdt : Mach PTCS + tin hiéu diéu khién NPBD + dic tinh tai.
Pdu ra: hoat dong clia mach: u(?), i(t) cac phan ti
=> Céc dic trung 4p, dong, cong suit

1. Cdc dic trung ap, dong:

- Gia tri cuc dai:

- Gia tri trung binh Vo, Io

- Gia tri hi€u dung Vg, Ig

Cic biéu thifc cho dong dién trung binh va hiéu dung:
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l :leTi(t)dt Ig = ,/TijT i) dt <1.1>

Céc bi€u thic cho dién 4p Vo, Vg cling c6 dang tuong tu.

2. Séng hai bac cao va hé sé hinh ddng:

u(t) =V, + > (A, sinnat +B, cosnat) =V, + > v, véi v, =V, sin(nat-¢,)
n=1 n=1

2 : 2 .
A, :?J.Tv(t)-smna)t-dt B, :?J.Tv(t)-cosna)t-dt va <1.2>
A 0
Vn = N,Af + Bj Q, = tg_1|:an| VR = \/Vf +éZVn2
n n=1
trong do : Vo : tri s6 trung binh ( thanh phdn mét chiéu ) cia v(t)

o : tdn sé géc ciav(t), chuky T=a’27 .

U, s6ng hai bdc n — ¢6 tdn s6 nw

A,, B, : cdc thanh phan sin, cos ciia séng hai bdc n
Vi, @n 2 bién do va lech pha ciia séng hai bdc n .
Vi : Tri hiéu dung cia v(t).

Hé s6 hinh dang ( form factor ): #f s6 giita gid tri hitu dung va gid tri hiéu dung,
vi du véi by bién ddi cé ngdé ra mot chiéu:
V Vo : tri s6 trung binh dp ra
—Vo . A pen .
KFpc = %R Vg : tri s6 hiéu dung dp ra
vi du véi by bién ddi cé ngd ra xoay chiéu:
Vv V; : tri s6 hiéu dung séng hai bdac 1 (co bdn) dp ra
KFye = % Vg o tri s0 hiéu dung dp ra

Do bién dang (THD - Total harmonic distortion):

2 2
6 véi ngd ra DC:THD = Vs V%

(o]

2 _V12

D6i v6ingd ra AC:THD =V 'R Vi: s6ng hai bac 1 (co ban)

1
3. Cong suit va hé so cong suit: Bao gdm:
- Cong suit tic dung P : bi€u thi ning lugng st dung trong mot don vi thdi gian.

- Cong suit bi€u ki€n S : tinh biing tich s& gid tri hiéu dung dong va 4p, bi€u thi
ning lugng st dung trong mot don vi thdi gian n€u xem tai la thuan trd.

- Hé s6 cong suat HSCS hay cos ¢ : cho bi€t hiéu qué st dung ning lugng. Khi tdi
12 thuln trd , ngudn dién hinh sin hay mot chiéu sé c6 HSCS bing 1.

1 ] P
P=—Lv(@)-it)-dt S=Vp-I HSCS =cos¢p = — <1.3>
ORI R IR 9=

C6 nhiéu biéu thic tinh cong suit trong mach DTCS, phu thudc vio muc dich st dung:
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PO:VOIO

P=%ij(t)~i(t)-dt

=P,+> 1V, I, cos9,

n=l

P =3V, I cosg

<1.4>

P; :Khi quan tAm dén thanh phan co ban clia ngd
ra ( hinh sin tin s§ @), ¢6 dién 4p va dong dién
biéndd Vi, I;, gécléch ¢; .

Po hay Ppc: cong suit mot chiéu (tdi dién mot

chi¢u) v6i Vo, Iy 1a cic tri s6 4p, dong trung
binh.

P : cong suit toan phan & ngd ra, gdbm thanh phan mot chi€u va séng hai bic cao.

O céc BBD ngd ra 4p mot chiéu, Vy, Iy, Ppc 1a cdc thanh phAn mong mudn, séng hai bac
cao (cac thanh phan hinh sin ) 12 khdng mong mudn, chi tao ra cc tic dung phu.

- Trudng hop thudng gip: 4p ngudn hinh sin hiéu dung V, dong khdng sin, gid tri hiéu dung

thanh phan cd banla Iy :

lri COS

HSCS = —
S

K&t qua: Chi cé truong hop dong mot chiéu
phdng & nguén mot chiéu phdng, va dong hinh
sin dong pha vdi dp nguon(ciing hinh sin) la cé

HSCS bang 1.

PVl cosp

IR

4. Phuong phap nghién ciu mach:

Hinh vd1: Trutng hgp ngudn hinh sin, dong la xung
vudng HSCS khong thé béng 1.

a. Mach dién t cOng suit = t6 hdp nhiéu mach tuyé&n tinh thay d6i theo trang thii clia cdc

ngit dién:

Suy ra d€ gidi mach PTCS, ta luén phdi ki€m tra cic diéu kién d€ tim ra trang thdi clia
cdc ngit dién d€ chon ra sd db ndi mach.

Vi dy 0: Mach chinh luu hinh (a) c6 thé la cdc mach hinh (b), (c), (c) tity thudc vao dong

dién tdi 10:

D1 i
N s
I/I Y

D2
v
) Ta b

v

(@)

Mach chinh luu bdn song
c6 diod phong dién D2, v la

nguon xoay chiéu.

b)

O bdn ky v > 0, DI
dén dong io > 0

(c) (d)
Khi D2 dan dién, | Khi dong ip = 0
DI khéng dén: v<0 | tuong ving khéng cé
va dong 1o > 0. diod dén dién.

b. Giéi truc ti€p QTOP mach PTCS bing PT vi phian hay bién ddi Laplace:
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Dan bai dién tir cong suat 1
Vi diéu kién dau dugc bi€t & t = 0, ta gidi mach dién theo t khi luu y trang théi clia cdc
ngit dién. K&t qua thu dugc cdc phuong trinh md t dong , 4p cdc phan ti¥ mach theo t.

Vidul: Khdo sdt chinh luu 1 diod tai RL c6 D phong dién ciia vi du 0, mo ta hoat dong ciia
mach va tinh tri trung binh dp. Ap ngudn v = J2V sinwt, diéu kien daut =0, ip =0

T 2n 3n 4n Ry 67 Tr 8w wt

Gid sit ta déong nguén 6 t = 0 : v > 0, DI dan dién, mach dién tuong dwong hinh (b):
phuong trinh vi phdn moé td mach dién la:

o

) e 2 2. 2 2 7 -1 WL
VJi r:%, tong tré tdi Z =+|R +(0)L) va goc pha ¢=tg 73

Khi &t =7, dong i, =Io >0 phdng qua diod phéng dién D2. Thiic vay, néu D1 tiép tuc dan dién sé

: -
U=R.i0+L% diéu kién ddui, =0 => i :Vf[sin(wt—¢)+sin¢-ef <vd 1.1>

lam D2 ciing dan dién: vo ly. D2 ddn dién lam DI phén cuc ngugc va mach dién tré thanh (c):

0=Ri, +L% diéu kién dau i (0) =1, khi ldy lai goc thoi gian. Gidi ptvp nay:

—t, 2 < L. -7,
i, =1 % O déu chu kyké'i =1 e 7 =1,>0 <vd 1.2>
Chu ky ké tiép dién ra twong tw véi dong ban ddu qua tdi I; > 0. Sau thoi gian qud do, Hé
thong dat trang thdi tua xdc ldp: dang dong dp trong mach ldp lai theo chu ky.

Nhan xét: Phuong phdp nay cho ta cdi nhin chinh xac hoat dong ciia mach nhung khong
thé cho ta phuong trinh dong dp qua cdc phan tif & ché do twa xac lap.

c. Gidi chu k¥ tua xdc 14p mach PTCS bing PT vi phan hay bi€n ddi Laplace:

Pic tinh mach dién & ché do tua xac 1ap c6 thé dudce tinh khi ta khdo sat hoat dong trong
mot chu ky vé6i gid sif cdc gid tri ban dau cda bién trang thdi clia mach dugc bi€t. K&t qua cho ta
mot hé phuong trinh d€ tinh cac gi4 tri ban diu nay khi cho gi4 tri diu bing gia tri cudi.

Vi du 2: Gidi ti€p tuc vi du 1 & ch& do tra xdc lap.

Gid sit ta déng nguén ¢t = 0 : D1 ddn dién, phuong trinh vi phdn mé td mach dién la:

di,

v=Ri,+L ” diéu kién diui, =1,

-t
=> iozvfsin(a)t—¢)+{ll—v zsin¢]ef <vd 2.1>

O bdn ky k&, D2 ciing dan dién, phuong trinh vi phdn mé td mach dién la:

0-Ri +L%
dt

-

diéu ki¢n dau i (0)=1,, véi I = V2 sin(r — @) "‘[11 —VT\/ﬁsinqﬁ]eW <vd2.2>
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. 77 N2 A N 777
=i =[e’"vadcudichuky I,=1e " <vd2.3>
<vd2.3>, <vd2.2> cho phép ta tinh I, va I, tir do vé duoc dang dong io .

Nhan xét: Phuong phap nay cho phép ta tinh dic tinh mach trong ch& do x4c 1ap, nhung
viéc rit ra cdc dic trung dong, 4p clia mach ri't khé khin, doi hdi tich phan nhitng ham lugng gidc
c6 ca ham md.

d. Khdo siat dong 4p trén tai bing nguyén 1y x&p chdong:

Nguyén 1y x&p chdong dugc phat bi€u nhu sau: Tac dung cia mdt tin hiéu c6 chu ky trén hé
thong tuyén tinh cé thé dugc xdc dinh bing tong cdc tic dung trén hé tuyén tinh ndy cla cic
thanh phan Fourier hgp thanh tin hiéu do.

Vay nguyén 1y x&p chdng cho thdy y nghid clia cdc thanh phian Fourier va cho ta mot
phuong phéap khio sit cic mach dién tir cong sui't & ch€ dd xdc lap, vi du dong tii c6 thé tinh nhu
sau:

- Gid trj trung binh dong qua tai c¢6 thé x4c dinh biing cach tinh dong qua tai khi dit 1én tdi
dién 4p mot chi€u biing gia tri trung binh 4p trén tai.

- C4c séng hai (hinh sin) bic cao clia dién 4p ngudn sé tao ra dong dién hinh sin c6 ciing
tan s6 chay qua tai.

Va dong dién thuc sy chay qua mach sé& 13 tdng clia cdc thanh phin nay. Phuong phdp nay
khong cho ta k&t k&t qua chinh xdc vi khong thé tinh hét cdc séng hai ciing nhu tdng ching lai.
Thuyc t€ ta chi cin tinh tdc dung clia nhitng thanh phan c¢6 4nh hudng 16n ma thoi.

R1 u

el N7 S N

1 microF| 100 oh

]

Qud trinh qud do ché dé tua xdc ldp

Hinh vd2: Mach RC cung cdp bdng xung vudng

Vi du 3: Tinh dong va 4p trung binh qua dién trd R2 ctia mach dién hinh Vd2. 4p ngudn v
¢6 dang trén hinh Vd2.a, V =200 volt.

1 T 1 2T /6 V
Giai: Tri trung binh dpra: V, = —jv.dt =— I Vdt=—
T+ T | 3

=> tri trung binh dong ra Io = (200/3)/200 = 1/3 A va tri trung binh 4p trén mdi dién tr§
tdi Vol =Vo/2=333V

Io R1

100 ohm
Vo

("‘) R2 Vol
- 100 oh
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v Hinh Vd2.b: Mach tuong duong v6i thanh phan
mot chiéu

T

Hinh Vd2.a: dang 4p ngudn tinh biing s6

e. Dung bi€n d8i Laplace rdi rac.

f. Khdo sat mo hinh todn mach PTCS bing may tinh (ding chudng trinh md phdng) hay
khéo sdt md hinh thuc t€ trong phong thi nghiém:

Thuat todn tdng quéat dé€ khdo sit mach PTCS bing mdy

N tinh:

Budc mo dau: Xdc .
dinh dong dp qua cdc Nhéan xét: Viéc khao sit bang mdy tinh ng dung phuong
phdn t & thoi gian t = phdp s6 d€ gidi phuong trinh vi phan cho ta dong 4p qua céc phan
0+ tir theo tirng sai phan thdi gian A £.

Budc 1: Dya vao | L4 TOMTAT CAC Y CHINH:
tin hi¢u diéu khién Vfl Sau khi hoc chuong 1, can nim vitng cdc ndi dung sau:
dong, dp qua cdc ngat R o ) ) . N .
dien - Cong thuc tinh todn tri trung binh, hi€éu dung cua dong

- dién (dién 4p) va y nghii ciia n6.

- Nguyén Iy hoat dong cia cac ngit dién dién t¥, cach van dung vao khdo sit mot mach
dién tf cOng suat.

1.5 BAI TAP:

1. Tinh va vé& dang dong io qua tdi. Cho bi€t qua
trinh 1am viéc cia mach nhu sau:

+
- t = 0: khéa K déng véi dong ban dau qua tdi ip = 0. eC_

- Sau khi K déng di l1au d€ dong qua tii ip xem nhu dat
gia tri xac 1ap, ta md khoa K.

Ap ngudn mot chiéu e = E. v

2. Tinh va v€ dang dong qua tai io, ap trén tu _o\_’0_|
K c
R

ve theo thdi gian trong cdc diéu kién dau (khi K déng):
a. L va C khong tich trif nang lugng. C‘)e _E

b.vc (0)=-E; ip (0)=0. T L UL\L
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U
. _C
3. Gidi lai bai 2 khi ¢6 diod D ndi NN Lo 7
ti€p véi ngudn. K 5 c \I/v .
R dd nhé dé dong 4p c6 tinh dao L SNV
dong. (_)e =k
U
: C >
4. Giai lai bai 2 khi ¢6 diod D song song ngugc N 'Lo
v6i RLC. Khéo sdt thém trudng hdp c: K c \I/v .
c.vc (0)=-E; ip (0) = I; khi khéa K déng. n A R ° R
| (De=£ 7,
R di nhé dé€ dong dp c6 tinh dao dong. U\I/
L2 L
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Chuong 2 : LINH KIEN DTCS

Pé€ thyc hién cdc ngit dién dién tif trong chuong 1, c6 thé st dung nhiéu linh
kién hay nhém linh kién dién tf chiu dugc 4p cao — dong 16n, 1am viéc trong hai ch€
do:

- Dan dién hay bdo hoa (ON): sut 4p qua kénh din dién rit bé, dong phu
thudc vao tai.

- Khéa (OFF): dong qua n6 rat bé (= 0), kénh din dién nhu hd mach.

Céc linh ki€én chinh: diode, thyristor (SCR), BJT va MosFET.

I1.1 DIODE:

La linh kién din dién mot chi€u quen thudc clia mach dién tf.

1. Phan loai:

- Theo sut 4p thuln, loai thudng (dung silic) tr 0.6 dé€n 1.2 V, thudng tinh
bing 1V. O mach dong 16n, 4p thap ¢ thé dung cong nghé Schottky, dé€ cé sut 4p
thuan bé, 0.2 - 0.4V.

- C6 loai diod dong bé dung cho mach xt Iy tin hiéu, diod cong suat chiu
dong 16n hon cho mach PTCS, diod lam viéc 3 mach cao tan ¢6 tu dién mdi ndi bé.

- Diod cong suét chia 1am hai loai: dung & tan s6 cong nghiép (diod chinh luu)
va diod dung cho mach déng ngit & tan s cao.

2. Pic tinh phuc héi ctia diod (recovery):

- M6 td: Khi chuyén tir trang thdi dan dién sang trang thdi khéa, cé khodng
thdi gian ngin diod din dong ngudc goi 12 thdi gian phuc hdi ngudc ¢ (ir: reverse
recovery) truGe khi thiat sy khéa nhu hinh II.1.1. Dong dién nay @ng véGi viéc xa va
nap ngudc lai cdc dién tich cia mdi ndi (twong ng tu dién mdi ndi) khi diod bi phin
cyc nghich.

by — Ig |

L

(a) Soft recovery {b) Abrupt recovery

Hinh 11.1.1: Hai ki€u phuc hoi.
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-t 6 tri s& khd 16n & diod tan s6 cong nghiép lam cho ching khong thé 1am
viéc & vai chuc KHz, nhung khd bé, ¢ vai micro gidy & diod phuc héi nhanh (fast
recovery). Ngoai t.,., dic tinh phuc hdi cla diode con dic trung qua dién tich Qgg
la tich phan cia dong dién ngugc theo ¢.

- Anh huéng ciia ddc tinh phuc hdi: Diod phuc hdi nhanh (dudc ding cho
mach déng ngit tAn s6 cao) c6 dic tinh phuc hdi hinh I1.1.1.b: dong ngugc ting dan
dén Ixg va gidm vé O rdt nhanh sau d6. Sy thay doi dot ngdt trang thdi cia dong
dién ndy s& tao ra qua 4p cho cdc phan tir mach hay giy nhiéu do cdc L clia mach
hay ky sinh do t6¢ do ting (gidm) dong di/dt 16n.

Tacé t=t,+1tp ~t, Khicho ~# 13 khong ding ké.

. di , di 1 1
Go1 — la tbc dO0 tang dong am: Ta c6 —=-8& va =—]
n . g g T Orr 5

/ di
IRR = Z.QRR.E

Vay vdi Qg cho trudc, d€ gidm Igg can phai han ché& di/dt khi khda.

t. .Suy ra

RR*"a

- Khong chi diod, SCR véi tu cdch 12 chinh Ivu c6 diéu khién ciing gip van dé
tuong tu.

I1.2 THYRISTOR VA SCR:

1. C4Au tao va nguyén ly hoat dong SCR:
Ba cuc ctia SCR:

Al
1 |p Anod: Duong cuc
A 2 | N Katod: Am cuc
jz L »
a SCR . [ Gate: \Céng hay
K K| cuc diéu khién.
Ky hiéu SCR C4utaonguyénly  Mach tudng duong
hai BJT Hinh 11.2.1: Ky hiéu

va nguyén ly SCR

- Khi méi cdp dién, ig = 0 : SCR khéa thuin va ngudc — I4 1a dong dién ro,
rat bé, cd mA véi Vk # 0.
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St cdch dign
AN ).‘r v CATHODE  GATE

TYPICAL SCR ‘
CONSTRUCTION
SHOWING THE
DIE IN PROPER N
SCALE. ..
SR ,
i WO Hinh 11.2.2: C4u tao mot
(a) DE Jim loai va bu-lon (b) SCR dong I6n 6 ti 18 thic

bdt vao tn nhist (@) va phong to manh
tinh thé ban dan (b)
- Khi SCR phan cuc thuin - Vg > 0, va ¢6 tin hiéu di€u khién - I > 0,
SCR chuyén sang trang thdi din dién va c6 kha ning ty giit trang thdi din dién cho
dé&n khi dong qua n6 gidm vé 0.

2. Pac tinh tinh ( volt — ampe ): Mo ta quan hé 1A(Vak) vdi dong I khac

nhau.
A i
T R
u Eq

F

WR
- IG 11 ngo g{mi SCR __

E

I — —
e IL'JJ_' Ei}A I“pg:_ T &
'y
Hinh 11.2.3 S6 do thi nghiém va dac tuyén volt — ampe cla SCR

* Vak <0 : Khéa ngudce: Chay qua SCR 1a dong ro ngugc, ¢ mA. Khi Vi < -
Vgs ta ¢6 hién tugng giy ngudc, dong | I, | ting rit cao trong khi Vg van gitt tri s
16n => SCR bi hdng.

* Vag >0 va IG = 0 : Khéa thudn: Ta c¢6 1a dong ro thuin, ciing ¢ mA. Khi
Vak > Vg ta ¢6 hién tugng gay thuan: SCR chuyén sang viing din dién.

Ta phdi chon dinh mic 4p cia SCR 16n hon céc gid tri gdy nay, hé s6 an toan
dién 4p thudng chon 16n hon hay biang 2.

Khi phan cyc thuin, néu I ting 1&n tir gid tri 0, Vgg gidm dan. Nhu vay, dong
I cAn phai dd 16n d€ c6 thé st dung SCR nhu mdt ngit dién dién ti: SCR chuyén
sang trang thdi din ngay khi dugc kich bat chap dién 4p phan cyc thuan.

* Ving din dién: Ung véi trudng hgp SCR dd dudc kich khdi khdi va din
dién, sut 4p qua SCR Vx = Vg khodng 1 - 2 volt. Trong viing din dién c6 hai dic
trung dong:
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+ Iy : dong cai, 12 gid tri t6i thi€u cla I, d€ SCR c6 thé duy tri trang
th4i din khi dong cuc cong Ig gidm vé 0 ( kich SCR biing xung ).

+ Iy : dong gift, 12 gid tri tdi thi€u cta I, d€ SCR c6 thé duy tri trang
th4i din ( khi khong con dong cuc cong Ig. NEu dong anode thap hon Iy, SCR sé& trd
vé trang thdi khéa.

I khac Iy vi ¢6 qué trinh lan tda cia dong anode tr viing phu cin cta cuc G
dé&n toan bd mdnh ban din khi SCR dugc kich ( ¢c6 dong cuc nén), tuong trng mat do
dong gidm dan, Iam cho hé s6 khué&ch dai dong dién ting. Qud trinh qud do nay con
dnh hudng dén gidi han di/dt, dugc gidi thiéu trong dic tinh dong ctia SCR.

2. Pic tinh dong ( déng ngit ):

a. Pic tinh mG: (turn on )

Thdi gian tré to,
Gidi han tdc do ting dong dia/dt.

T Wik /
1 Yag Hinh 11.2.4.a. Dic
N tinh dong : mo
Fi | 3 khoa cl
va khoa cua SCR
T t
t
an \t:DﬂE ‘
[f—— |
Catose Hinh 11.2.4.b. C4u tao SCR cuc

Disthbuled
Gals e

cng co dang ¢ dién (1) va
phiic tap (2) phan bd trén

x_/ e f0an dign tich migng ban dan

(1) ) ot dé tang di/dt.

b. PBic tinh khod: ( turn off )
- Mo td qud trinh khéa SCR

- Thoi gian ddm bao tit tog torr = [ 10 .. 50 ] micro gidy véi SCR tan

sO cao
[ 100 .. 300 ] micro gidy v6i SCR chinh
luu.

- C6 gidi han toc do ting du/dt d€ trdnh ty kich din.

- C6 qué trinh dAn dong ngudc khi khéa (dit 4p Am) nhu diod (dic tinh phuc
hdi ngudc).

- Can c6 mach bdo vé chdng tu kich din (hinh I1.2.5).
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C2 =0.05-0.1 uF; R2 =33 - 100 ohm; R1 tdng khi dp

- % o SCR ting va/hay dong tai gidm, tir 20 — 100 ohm; C1

pepl=el 1 taing khi dong SCR ting va/hay dp SCR giam, tir 0.1 —
T T 1 0.5 uF.

Hinh 11.2.5: Mach snubber R1C1 va RC cuc cong bdo vé& SCR
khoi cac ch& do kich dan khong mong mudn.

3. Diic tinh cong: (hay kich khéi cong)

(1) 1a dic tinh Ig(Vg) tiéu bi€u, (2) 1a dic tinh I5(Vg) tng véi dién tré Rg bé,
I

e

(3) ttng vGi dién tr§ Rg 16n. L
Céc thong s6 gidi han ( cuc dai ) cla

tin hiéu cuc cong dé€ tranh hu hdng SCR:

dong Igmax, 4p Vomax V2 cOng sudt tiéu tdn 1 |/

trung binh P, clia cuc cdng (Cong suit tiéu A

tdn con phu thudc bé rong xung kich SCR). Ver T vl

Hinh 11.2.6: Dic tinh cdng SCR

Céc s0 tay tom tit thudng chi cung cAp cic
thong s6 gi6i han (bé nhit) cho ddm bdo
kich: VGT, IGT .

Va nhu vy di€m lam viéc clia cong SCR phai nim trong cdc gidi han nay,
ving dugc t6 trong hinh I1.2.6.

Trong thuc hanh, c6 thé u6c tinh Igr bing cich sit dung hé s6 khuéch dai
dong ctia SCR tinh bing ti s0 I, dinh mitc / Iy , hé s6 nay c6 gid tri tir 100 . . 200.
Dong kich SCR sé& chon tir 1.5 .. 514n gi4 tri ndy, s& cang cao khi can déng ngit tot,
lam viéc & tan s6 cao hay kich biing xung.

4. Cac linh kién khac trong ho thyristor:

Thyristor 12 ho linh kién ¢6 it nhat 4 16p v6i SCR 1a dai dién. Thyristor hoat
dong theo nguyén 1y phdn hoi duong nén ludn c¢6 kha niing tu giff trang thdi din
dién (kich din). Nhung khong nhu SCR, mdt s6 SCR dudc ché tao dé€ c6 thé diéu
khién dugc qud trinh khod va 13 mot ngit dién dién ban din mdt chiéu khi 1y tudng

hoa.
A n K Lm

]
2 g N I— ) Ko oA KT H 12
SCR1 T ) V‘%
= VIW Ma e
Mach nrong
DARLISTOR TRIAC ducng claTRIAC LA SOR =TO DIAC

Hinh 11.2.7: Ky hiéu cla cac linh kién hay gdp cla ho Thyristor.

a. DARLISTOR: La loai SCR c6 ciu tao ndi ting (cascade) d€ ting hé s&
khuéch dai dong I, / I khi dinh mdc dong anode 16n va rit 16n (vai trim dén vai
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ngan ampe). Lic d6, dong kich vin & vai ampe. Darlistor 12 tén thuong mai, nhdi
theo transistor ndi tang 1a Darlington transistor. Mot s& nha sdn xuit vin dung tén
SCR hay Thyristor, nhung chi thich 13 cuc cong dugc khuéch dai (Amplified gate
thyrirstor). Sd dd nguyén ly Darlistor cho & hinh I1.2.7.

b. TRIAC: La linh kién phé bién thit hai ctia ho thyristor sau SCR, ¢c6 mach
twong dudng 1a hai SCR song song ngugc, duge ché tao véi dong dinh mic d€n hang
ngan ampe. Mach tudng duong hai SCR song song ngudc hoan toan tudng thich voi
TRIAC khi khdo sdt 1y thuy€&t, nén
chung thuong dugc dung I
thay th€ cho nhau trong
cidc so d6 nguyén ly mic I

du trOng ther té, Chﬁng cO ':__RE‘C/‘( rﬁjv—r II;-I-RB '::'Jlf T
nhiéu tinh chit khdc nhau. ' 17 I = I Fo
TRIAC c6 khd niang khéa TRIAC DIAC
theo hai chi€u, tr§ nén din Hinh 11.2.8 Dic tuyén V - | clia TRIAC va DIAC

dién khi ¢6 dong kich va
ty gilt trang thai din cho

dén
Khi dong qua n6é gidm vé khong. 30 AMPS
Te = 60°C

(Hinh I1.2.8) TRIAC ¢6 thé diéu
khién bing dong G — T1 ( con goi
la MT1) ca hai cuc tinh va & hai
chiéu dong dién tdi 1am so db diéu
khién don gidn hon mach tudng

. ~ A isolated S
duong hai SCR rat nhiéu. o
.2 . Cane 221A-04 Case 383-01 Cage 263-04
Nhugc di€ém rat quan trong TRt Style 1 Style 2

cia TRIAC Ia de bi ty kich & nhiét Hinh 11.2.9: Hinh dang bén ngoai clia mot s6
do moi ndi cao va co gidi han dv/dt TRIAC (SCR ciing tuong tu )

rat thdp, kh6é lam viéc vdi tdi c6

tinh cdm. Lic d6, ngudi ta van phdi

dung hai SCR song

song ngudgc.

c. DIAC: C6 nguyén tic hoat dong twong tu nhu TRIAC nhung khong cé cuc
cong G, ngudng dién 4p gy rit thip - thudng 1a 24 V, dugc ding trong cdc mach
phat xung va kich thyristor v6i dong xung mdt vai ampe.

d. LA SCR ( Light — activated — SCR ): SCR kich bing tia sdng.

Cé6 nguyén tic lam viéc nhu SCR nhung dugc kich bing dong quang dién.
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Thay vi cung cip dong cuc cdng dé kich khdi, ngudi ta roi sing LA SCR qua ctra s8
hay ong din sgi quang. LASCR rat thich hdp cho cdc dng dung cao ap, khi cdch
dién gitta mach kich va dong lyc trd nén van dé phic tap, gidi quyét ton kém.

e. GTO: ( Gate turn off SCR, SCR tit biing cuc cong ).

Véi kha ning tu giff trang thdi din dién, SCR khong thé ty tit & ngudn mot
chiéu né€u mach khong c6 so dd dic biét d€ dong qua né gidm vé khong. GTO cho
phép ngit SCR bing xung 4m & cuc cdng. T mach twong duong hai BJT (hinh
1.2a), kh3 niing nay cé thé dudc du dodn. Nhung trong thuc t&€, SCR khong thé tit
bing cdng vi cuc cdng chi mdi cho qud trinh din, sau d6 khong con tic dung.

GTO c6 ciu tao khic hon, cho phép ki€m tra kénh din dién ctia SCR tir cuc
cong. Gid phai trd 1a hé s6 khuéch dai dong khi kich gidm xudng, con khad bé -
khodng vai chuc. Hé s6 hu€ch dai dong khi tit xap xi mudi. Ngudi ta ché tao dudc
GTO c¢6 dong dinh mitc dén hang ngan ampe.

11.3 TRANSISTOR CONG SUAT:

La dai dién cho ngit dién ban din c6 thé 1am v iéc véi ngudén mdt chiéu,
dudc diéu khién biing dong cuc B néu 1a BIT hay 4dp cuc cdng G néu 1a MosFET
hay IGBT.

Giong nhu Thyristor, mit na dé gia cong transistor cong suit ciing c6 dang
phitc tap d€ cic cuc diéu khién ki€m sodt dugc toan bo kénh din dién va 1am cho
linh kién chuyén trang thai nhanh (hinh 11.3.1).

Base Emitter Emitter
Base
—
10 pm a*109cm™3
T
s 5-20 um p 10 em~3
3 + | n* ) o
50-200 um R~ ol¢ ¢m™3 : =c B :
ul
{collector drift -
region)
250 pm n* 101 em~® ®
i n

I Callector lcullector

Hinh 11.3.1: C4u tao cla BJT cong sudt: Cuc B phan bd déu trén toan bd dién tich, cung
cap kha ndng diéu khién hiéu qua hon.

1. Transistor cong suit:

D c

= Jﬁ ] .

S E E

MosFET kénh n (Ky hi€u quen dung) Ky hi€u IGBT  Mach nguyén ly IGBT
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Hinh 11.3.1: Ky hiéu cac transistor

LA nhém ngit dién badn din cho phép déng va ngit theo tin hiéu diéu khién,
gdm c6:- BIT: diéu khi€n biing dong cuc B
-1 =0 =>BJT khéa, khong din dién
- Iz di 16n (Ig > I/ B) BJT bdo hoa, din dong tdi Ic chi phu thudc mach tai.

Véi dong tii 16n, d€ gidm dong diéu khi€n, cdc nha sin xudt ché€ tao céc
transistor Darlington vi hé s6 khuéch dai dong [ tir vai trim dén vai nghin.

- MosFET: 1a transistor trudng c6 cuc cong cach dién, loai ting
(enhancement). MosFET 13 transistor diéu khi€n bing 4p Vgs .

- Vgs <0 : transistor khéa
- Vgs > Vrp : transistor din dién (Vg tir 3 .. 5 volt)

- IGBT (Insulated Gate BJT): Cong nghé ché& tao MosFET khong cho phép
tao ra cdc linh kién c6 dinh mic dong 16n, IGBT cé thé xem la sy két hgp gitta
MosFET & ngd vao va BJT & ngd ra d€ c¢é dugc linh kién déng ngit dong DC dén
hang nghin Ampe diéu khi€n bing 4p cuc G. Ciing nhu thyristor, transistor can
c6 mach 14i, 12 phan t trung gian giita mach diéu khi€n va ngit dién, c6 cdc nhiém
vu:

- PAm bdo dang va tri s6 dong cuc B cho BJT (4p cuc cdng G d/v MosFET)
dé cac linh kién nay bdo hoa .

- Céch ly dién mach diéu khién — cong suit theo yéu ciu clia sd dd dong luc

(néu c6), ting kha ning an toan cho ngudi van hanh, trdnh nhiéu cho mach diéu
khién.

Nguyén ly diéu khi€n IGBT gidng VBB
nhu MosFET. ¢

(a) A . ’UCE

(b) (1)

Hinh 11.3.2: mach thi nghiém qua trinh dong ngét
clia BJT. Hinh 11.3.3.a va b:

a. Qu4 trinh déng ngit cia BJT:

Quan sat qud trinh déng ngit cda BJT véi tdi R v RL nhu so dd trén hinh
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I1.3.2 va cdc dang s6ng trén hinh I1.3.3.a va b, ta c6 nhitng nhan xét sau:

- Khi d6ng (chuyén tir khéa sang bdo hoa) BJT mat thdi gian toy c6 tri s&
khodng 1 micro gidy, va thdi gian fopr c6 tri s& vai micro gidy dé khéa (hinh
I1.3.3.a).

- Qud trinh chuyén trang thdi khong x4y ra tic thdi, ¢ thdi gian d€ 4p veg va
ic thay d6i tri s6 Khi tdi tré: veg = Voo — Ry . ic : 4p CE cta BJT ting dan theo
qud trinh giam cia ic .

Nhu vay c6 thdi gian, di rat bé, BJT chiu dong 16n va 4p cao, din dén tén
hao trong BJT khi d6ng ngét. Vi du khi 4p trén BJT bing 200 volt va dong 20 ampe,
cong suat tifc thdi trén mdi ndi CE lic dé 1a 200%20 = 4000 watt so véi vai chuc
watt khi dAn bdo hoa.

Hién tugng nay dic bi€t nghi€ém trong khi
tai c6 diod phong dién: dong qua tai cudn diy
khong thay ddi tic thdi trong khi diod phéng dién
chi ¢6 th€ din dién khi BJT tit hin, m&i ndi CE sé
chiu nguyén dong tdi cho dén khi veg = Vee. Nhu
vay ton hao trong qué tring déng ngit sé& ting cao -
[dang dong 4p trén hinh I1.3.3.b]. Hinh 11.3.4: cum BJT dong ngat

vGi cac linh kién phu

Cac két luan:

* T6én hao trong qué trinh déng ngit clia transistor rat cao, trong thuc t&€ né 1a
ngudn nhiét chi y&u 1am phdt néng transistor déng ngit, né gidi han tin s6 lam
viéc cla transistor déng ngit. PE han ch€ sy phit néng niy ngoai viéc st dung
mach 14i hiéu qua, cAn chon ding loai transistor déng ngit (loai SWitching) va
dung mach cai thién. Mach cai thién qua trinh khda transistor cling 1la 1a mach
snubber (tuong tv nhu & SCR) bao gém diod D, dién trd R va tu dién C trén hinh
I1.3.4. Khi BJT chuyén sang trang thdi khéa, tu C dudc nap qua diod D biing dong
tai cla transistor [dang ap (1) trén hinh I1.3.3.a]. Nhd vay s€ khong c6 trudng hgp
dong tai bi cudng biic chay qua BJT trong qud trinh khéa. Pién trd R han dong
phéng qua CE khi BJT din dién trd lai. Diod D it gip trong thyc t&, gia tri dién trd R
tr 33 d€n 150 ohm va dién dung C c6 gid tri trong khodng 0.1 nF dén 10 nF phu
thudc dién 4p va tan s6 1am viéc.

* PE 1am nhanh qué trinh chuyén mach, nhd dé ting tan s 1am viéc va gidm
t6n hao ning lugng, cAn c6 mach 14i hiéu qua vdi cic khd ning sau:

- Gidm toy bing cdch cudng bitc dong cuc nén cho BIT.

- Gidm torr khi khong cho BJT bdo hoa siu bing cach giit vcg khong qué bé,
cung cap I vira di; cung cAp phuong tién gidi phéng dién tich méi noi BE da dudc
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nap khi BJT din dién.

b. Vung hoat dong an

toan cua BJT  (Safe 1000
Operating Area) (hinh IL.3.5
): @ 250 icmax_"NON-REPETITIVE I¢ w: 1P5 204 sec__
; 100 F tde LA T } * 20 H
La ving chta cdc 3 g’f LTE T3 0 =X T s
LR . = T 88c —yg— N SeC }
diém (I¢, Vep ) cia BJT khi & ¥z AL ‘\; ] tool,‘m'
N SN N A . c 10 H- C 1
lam viéc ma khong bi hdng, & =~ E--—Ic orice LT = ==
. o pe e ===« THERMAL LIMIT i
gidi han baoi: § r SEOOND_BREAKDOWN .
& LMt N N D6TOES
- cac gia tri cuc dai 3 10 D3 T‘i DETOi T
3 =
VCEmax> ICmax- ~
- Géy (m61 Il@l) thﬁ. 0.|| 10 100 1000
cap (second breakdown), la Vce

trudng hdp BJT bi hu hdng
do phédt néng cuc b lam
tdng dong I trong khi 4p van
cao, phan biét véi gdy sd cap
(primary) khi phin cuc
ngugc. Hién twdgng nay 1a két
qué clia nhi€u nguyén nhin,
Xay ra

Hinh 11.3.5: Vung lam viéc an toan khi phan cuc (cuc B)
thudn (FBSOA) clia transistor GE-D67DE

trong qud trinh déng ngit, nhat 1a vdi tdi RL. Piéu nady nhan mach tdc dung bio vé

cua mach Snubber.

b. Mach 14i MOSFET cong suit:

MosFET cong suit c¢é cic vu di€ém: tin
s6 lam viéc cao hon vi kénh din dién khong
c6 moi ndi, mach 14i don gidn hon vi diéu
khi€n bing 4p - khong cin cong sudt — c6 thé
kéo thing tir cdc vi mach cAp dién 12 volt (vi
du khuéch dai thuat todn hay CMOS) khi
khong cin tin s6 déng ngit cao. PE dat tan s6
déng ngit 16n, mach 14i can cung cidp dong
nap khi

Dz7v2

0. 15v:hEE:

D4/

N

ca
330p

R11
510/3W

Hinh 11.3.6: Mach l1ai MOSFET 5 - 7 A
lam viéc 6 BBD Flyback 50 kHz.

md& MOSFET va tiéu tdn dién tich cho cdc tu dién mdi ndi khi tit. Nhu vay cdc
mach 140 MOSFET ciing c6 yéu cau twong ty nhu mach 1di BJT nhung chi c6 dong
trong ch€ d6 qua do va dp lam viéc cao (0..10 volt hay + 10 volt).Cdc hiang ché tao
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ban din cong suit da ché tao nhitng module bao gdm linh kién cdng suit, mach 14i
va bdo vé 1am cong viéc clia nha thi€t k€ trd nén don gidn .

I1.4 CAC LINH KIEN CONG SUAT MOT:

Hinh 11.4.1 - [1.4.3 18y t sdch Power Electronics ... cia M.H Rashid cho ta
céi nhin kh4 toan dién vé€ céc loai linh kién PTCS hién nay.

Nhin chung, theo ciu tao ching van thudc hai ho Thyristor va Transistor. Vé
hoat dong, ching déng vai trd cda SCR (chi kich din) hay ngit dién ban din mot
chiéu (khi c6 thé diéu khi€n khéa). Hinh 11.4.3 trinh bay ky hiéu cling v6i mo t3 so
lugc hoat dong, hinh I1.4.1 phén loai theo dédc tinh. C6 thé thdy 1a cdc linh kién méi
bd sung cong nghé MOS vao bdn din cong cuat dé:

- Cai thién t6c dd dong ngit, ning cao khd ning chiu dong, 4p vi du nhu
IGBT c6 dic tinh tot ctia BJIT va MOSFET.

- Cung cip va cdi thién dic tinh kich ngdt cho ho Thyristor, vi du nhu GTO,
SITH, MCT..

V6i luu ¥ cdc tinh chdt clia mot linh kién nim trong nhi€u muc khéc nhau, ta
c6 thé suy ra dic tinh co bdn clia né.

Uncontrolled turn on and off (e.g., diode);

Controlled turn on and uncontrolled turn off (e.g., SCR);

Controlled turn-on and -off characteristics (e.g., BJT, MOSFET, GTO, SITH,
IGBT, SIT, MCT);

Continuous gate signal requirement (BJT, MOSFET, IGBT, SIT);

. Pulse gate requirement (e.g., SCR, GTO, MCT);

. Bipolar voltage-withstanding capability (SCR, GTO);

. Unipolar voltage-withstanding capability (BJT, MOSFET, GTO, IGBT, MCT);
Bidirectional current capability (TRIAC, RCT);

. Unidirectional current capability (SCR, GTO, BJT, MOSFET, MCT, IGBT,
SITH, SIT, diode).

woN o

I BN - N7 N

Hinh 11.4.1: So sanh dac tinh cac linh kién cong sudt mai

Trang 11/ Chuong 2 © Huynh Vin Kiém



Hoc ki 2 nam hoc 2004-2005
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: 1
- 1 Current Product Range
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1
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o £ Thyristor T 1 Robot. Welding machine
> 100K i
5 T
& y Welder IGBTMOD™ ¥y
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Washingeaee | I\ MOSFET —_—
machine Air cundilioner‘.ﬁ =] MiE.rowave oven

0E S
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> 7

L7
1K 10K 100K IM
Operation frequency (Hz)

Applications of power devices. (Courtesy of Powerex. Inc.)

Hinh 11.4.2: Pham vi (ing dung hién tai va trién vong cla céc linh kién cong sudt méi.
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TABLE 1.3 éharacteristics and Symbols of Some Power Devices

;2 Characteristics . i
Devices Symbols Hinh 11.4.3: Tom
Aoy K b {) — tit dic tinh cac
. o—r—pDf—0 . in n
Diode T v Ef ;. linh  kién  cong
1 Gate triggered suat méi.
1, _~G A L_J V..
Thyristor ‘i bf X [ 0 A%
3 A da Vak
G

SITH AO——DIA*’

K
1 G U
o_»__-pé" —0
GTO
Aot Vak ~ K

MCT Ao_\- _[_OK
T

+ Gate triggered

Cathode "
Turn-on Turn-o
MTO eate \%" gate
Anode
Cathode
—e Turn-off gate
ETO Turn-on gate
Anode
Cathode
= Gale (turn-on & turn-off)
IGCT
Anode
1 Gate triggered
I B A Z /
TRIAC o—t Id o = v,
A P ! 7 0
G Gate triggered
Gate triggered
K W/ G y
LASCR © 0 AK
Ie lin Tyn™ Im
NPN BJT
0 lIlI v
CE:
I¢ Vs
\Y V(JS!A > V(m
IGBT LGS
1
0 Vi
I |
I L V..
N- ‘ D asi_
g =
5 0 ; VI).\
a |
D
Ves =0V
S 0 | (isn \’|“
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1.5 PAC TINH NHIET: -
4. Péc tinh nhiét: (ﬁ-un SCREW
Céc linh kién cong sudt khi 1am viéc déu _PLAIN WASHER

tiéu tin niang lugng va phat nong, s€& hu hdng khi INSULATING BUSHING
nhiét d6 16n hon gid tri cho phép. Muc dich cia =
tinh todn nhiét 12 ki€m tra nhiét 46 méi ndi 6; cla
miéng tinh thé ban din phdi bé hon gid tri cho

Phép Oymax, €6 tri 6 tir 150 .. 200 ° C. INSULATOR

X £
Viéc gidi bai todn nay bao gom : * HEATSINK

A

- Tinh cong sudt tiéu tdn trung binh trong 2 cOMPRESSION WASHER

chu ky T: AP = [Lv().i()dt; rrong do v(?), i(t) Tt

la gid tri titc thoi dong, dp qua ngdt dién. C6 thé
tra AP trong tai liéu ciia nha san xudt, theo hai
thong s0: tri s6 trung binh va dang ciia dong dién
hay cé thé tich phdn truc tiép.

Hinh 2.5.1 Cach Iap linh kign cong
suat vo TO 220AB vao tan nhiét

- Tinh todn truyén nhiét tir tinh thé bdn ddn ra moi truong xung quanh:

méindéi 2> véS 2 tdnnhiét = moi truong.

Bai todn nay cé thé duoc don gidn héa khi cho ring trong ché dé xdc ldp,
chénh léch nhiét dj trén duong truyén 6, 6, ti ¢ véi cong sudt tiéu tdan AP va thong
s& ddic trung ciia moi truong truyén — goi la dién tré nhiét R, :

0,-0,=AP-R;, <I1.5> Ap dung vao tinh todn tén nhiét cho bdn dan
cong sudt:

0y -0, =AP-(Rjc +Rcpg +Ryp) <I1.6> vdi cdc dién trd nhiét:

+ Ryc: thé hién khd ndng tdn nhiét ciia linh kién, cung cdp béi nha sdn
xudt, dugc cung cdp tric tiép hay thong qua coéng sudt dinh mitcAP (ky hiéu P,
trong cdc tai liéu tiéng Anh), xdc dinh bang nhiét do méi néi cho phép .. va nhiét
do vé bing gid tri moi truong qui dinh, la 0y = 25 °C. Két qud la:

0
Pa’iss . R]C = e]max - 257°C

+ Rey: dién tré nhiét khi truyén tix vé ciia linh kién qua tdn nhiét, gidm
khi dp luc tiép xiic, A nhdn bé mdt ting. Nguoi ta con cé Idp dém béing cao su dic
biét vita lam cdch dién va tdng tiép xiic, hay diing keo ( paste ) silicon lam kin cdc
khe hé gitta hai bé mdt khi sit dung mica lam tdm dém .

+ Rya: dién trd nhiét khi truyén tix tdn nhiét ra moi truong xung quanh,
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la b6 phdn chii yéu cho tdn nhiét hé thong, ti 1é nghich vdi dién tich tdn nhiét. Cé
thé gidm Ryy khi lam den bé mdt (tdng khd ndng bitc xa nhiét), hay diing quat dé tdn
nhiét cuong bitc. O cdc hé thdng cong sudt rdt 1on, cé thé lam mdt béng cdch bom
nudéc qua tdan nhiét dé gidm kich thudc bo tdn nhiét, tranh chodn ché.

Pé Y la khi khong sit dung tdn nhiét, dién trd nhiét tix vé linh kién cong sudt
ra moi truong rdt Ion, vi dién tich tiép xiic vdi khéng khi ciia linh kién rdt bé, din
dén khd ndng tiéu tdn cong sudt liic nay rdt bé so vdi gid tri dinh miic.

Tinh todn nhiét nhu mo ta & trén thudng dugc dung cho bai todn ki€m tra, khi
chon sd bo c6 thé sit dung cdc gid tri trung binh hay hiéu dung ctia dong dién nhu
sau:

Dong lam vié€c trung binh Ip < Gid tri trung binh dinh mic I5vg hay
Dong lam viéc hi€u dung Iz < Gid tri hi€¢u dung dinh muc Irys
0] Thytristor, quan hé€ gita hai gid trinay la :

Irms = 1.57 Iave

do dang dong qui dinh khi tinh todn dinh mitc cho diode va SCR la chinh luu
ban séng. Hé s6 an todn dong thudng chon tir 1.2 d&€n 2 1an. Viéc tinh chon theo
hiéu dung thudng cho k&t qué phi hdp hon vi dang dong mach dién tit cong suit
thudng la dang xung.

Sau khi chon gi4 tri dinh mifc, khi thi cong can phai thé ki€m tra nhiét dd vd
linh kién ban din, khong dugc vugt qua 65 .. 70 °C.

O linh kién cong suat c6 th€ gdn mach in (dong bé, > vai chuc A) ta c6 thé
gip gid tri cuc dai lién tuc. Khi d6, ta chon theo gid tri cuc dai lam viéc, véi hé s&
an toan tir 2 d€n 3 14n.

L6 BAO VE BO BIEN POI VA NGAT PIEN BAN DAN:
1.Bao vé dong:
+ Bdo vé dong cuc dai ( ngdn mach — qué dong titc thdi):

Cau chi tdc dong nhanh va '[Tizdt

CB ( ngidt mach ty dong — Aptomat )
+ Bdo vé qua tai ( qua dong c6 thdi gian ):
CB (ngidt mach ty dong — Aptomat )
Ra le nhiét
Mach han dong ctia bd diéu khi€n vong kin.

2. Bdo vé 4p: (qud dp dang xung)
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T C(04.10uF) x T
H = CZ
i 7 pr— e 1 1
R{22.100chm}) %/jl 1 : 1 -
(1 12 3

Hinh 2.6.1

RC ndi ti€p mic song song (1), Varistor 1a loai dién tré gidm nhanh khi 4p 16n
hon tri s6 ngudng (2) va cdc bd loc ngudon(3) gdm mic loc LC hinh .

Snubber song song ngit dién.
1.7 TOM TAT CAC Y CHINH:
Sau khi hoc chuong 2, can nim vitng cdc ndi dung sau:

- Nguyén ly hoat dong va cdc dic tinh cla cdc ngit dién dién tl¥, so sdnh véi
cac linh kién 1y tudng ctia chuong 1.

- C4ch lya chon dinh mitc dong 4p linh kién cong suat cho mot mdt mach cu
thé.

- Nguyén 1y diéu khi€n cdc ngit dién.

Bai tap:
1. Ching minh quan hé <1.7> gitra dinh mdc dong trung binh va hi€u dung cla
Thyristor (muc 1.3.4.4): Igms = 1.57 Iave.

N ‘o
%

1 ohm

L
|

2. Vé dang dong, dp ra va tinh tri trung binh dong qua mach nap accu hinh trén, véi

e(t) =12+/2 sin(1007t) , xem diod khong c6 sut 4p thuin.
3. Céc cAu hdi ki€m tra:

b. Theo ban, dic tinh cia rd le bdo vé qua tdi sé tinh bing gi4 tri hiéu dung
hay trung binh?

c. Mo ta nguyén ly hoat dong ctia SCR.

d. M6 td nguyén ly hoat dong cia TRIAC theo ban, dong cuc cong (khong
dau) s& bé va 16n nhit trong trudng hop nao cia 4 ch€ do l1am viéc sau:

Trang 16/ Chuong 2 http://www.khvt.com




Dan bai Dién tir cong suat 1

I: IA>O,IG>O II: IA>O,IG<O, I1I: IA<O,IG<O IV: IA<OIG>O

e. Trinh bay dic tinh volt — ampe ctia SCR va cdc thong s6 lién quan.

f. Tém tit cdc bdo vé cho SCR hay Thyristor n6i chung.
PHU LUC CHUONG 1

A. HINH DANG BEN NGOAI MOT SO SCR:

.

N

T0220AB T048 TO118 TO200AB ADD A-PAK
(TO208AA) (TO209AE)

B. PAC TiNH KY THUAT CHI TIET CUA SCR:

Céc datasheet sau cho ta dic tinh k§ thut chi ti€t ctia 2 SCR, mdt ¢ dang
boulon va mot c6 dang domino (md6 dun ADD A-PAK) ctia hang International
Rectifier (IR).
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Chuong 3 DIEU KHIEN CONG SUAT XOAY CHIEU
IIL.1 THYRISTOR LA PHAN TU PONG NGAT MA CH PIEN AC:

Thi nghi€ém: Lap mach di€n nhu hinh 3.1.1

Khi cung cip dong cuc cong di 16n, TRIAC s& din dién (ON). Véi tii R, dong qua tdi
cuing dang vé6i 4p. Khi 4p ngudn qua zero & cudi ban ky, TRIAC sé& tit néu dong qua cuc cong G
khong con. Trén hinh 3.1.2.a, Khoang TRIAC ON dugc t6 dim, khodng khong dugc t6 tuong dng
vdi TRIAC khong din dién (OF") khi dong cuc cong bi ngit.

Vay TRIAC la phin tif ¢6 thé déng ngit & dién AC, né ON khi dugc kich va OFF khi ma't
dong cuc G. PE y TRIAC khong ngit khi mat dong kich cho d&€n khi dong qua né vé khong (vdi
tdi R 12 & cudi ban ky). Piéu nay ciing s& khong x4y ra khi ngudn 13 mot chiéu, dong qua thyristor
khong thé vé khong.

Khi thay TRIAC biing SCR, ta ¢6 cung két qua nhung SCR chi din dién ban ky.

1o, J AN AN AN AN W
I Wi wf v owy v vy (@
UC) V‘L R N ary N
N~ — v
& Sl A g A s‘“‘x A ﬁ
A \L 1r T u \1/"> ()
N N
B . Hinh 3.1.2: Dang ap ra dleu kh|en ON — OFF (a),
Hinh 3.1.1: TRIAC lam viéc voi nguc“)n AC tai co déng ngét lic ap qua zero (b)

R

Nhan xét:

- Thyristor c6 thé d6ng ngit mach dién xoay chiéu, né d6ng mach khi dugc phan cyc thuan
va c6 dong cuc cong du 16n, tu tit khi 4p 1udi ddo chiéu va phai kich trd lai & mdi nira chu ky.

Qua trinh déng ngit thyristor lam viéc v6i ngudn hinh sin con dudc goi 1a chuyén mach
Iuéi ( line commutation ).

- Piéu khién ON — OFF con goi 1a diéu khién toan chu ky(integral cycle control): Ngit
di€n (thyristor) c6 hai trang thai:

ON: Thyristor c¢6 dong cyc cong di 16n lién tuc: ngit dién déng mach, 4p trén tai bing 4p
ngudn.

OFF: Thyristor khong c6 dong cuc cong: NP tir trang thdi din => khéa khi 4p ludi qua
zero, va ap trén tai => khong.

- Piéu khi€n ON-OFF c¢6 thé diéu
khié€n dong ning lugng cung cidp nhung
khong thé thay ddi dién 4p cung cip cho tai.

Pé diéu khién 4p ra, ta c6 thé thay
ddi thdi di€m (pha) kich SCR trong mdi chu
ky <=> khodng din dién ctia SCR trong chu
kythay d8i => 4p ra dugc thay d6i nhu hinh
3.1.3.

Hinh 3.1.3: Ap ra diéu khién pha tai tré
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Phuong phdp nay goi 1a diéu khién pha, 12 mot noi dung rat quan trong ciaDPTCS, sé dugc
khdo sdt § cudi chuong va con ti€p tuc & chudng chinh Iuu.

I11.2. CAC SO PO MACH PONG LUC:

a. So do mot pha:
- Dung TriAC, hai SCR // ngugc.
- Cé4c sd dd SCR +Diod (hinh II1.2.1. a va b)

K 7
D2| D1

—| X X X
Mﬁ (m L1 L2

SCR2 ——im SCRI1
O Dley . SCR SCR2
khién| Tai | |

L

Piéu khién
(a) (b)  Hinh 3.2.1: So d6 DK cong sudt xoay
chiéu.
b. So dé ba pha:
2 N M SCR A
SCRlK'j _ (N — R
1 scred B SR A
TRIAC A Kl “Toa rN
N 1SCR B R
Ngud Tai . SCR1B Ngudn __, | Tai . SCRB
g Nguoén — VH — Tz eon ri\,L al Ngubn Kl
SCR28 Bl o
N DB
o SCRC R
B K LASCRC
" . _‘SCR1CVH - —d ('\"\I — rN
TRIAC C SCR2( e

(a) N (b) (©) (d)
Hinh 3.2.2: DK cong sudt xoay chiéu, so do ba pha.
113 PIEU KHIEN ON — OFF:

1. Nguyén Iy diéu khi€n cong suit: thay ddi ti 1& ton/ T (d6 rong xung tuong d6i) clia qua

trinh dong ngit.
C6 thé chitng minh dé dang 1a cong suit trung binh cia tai:
Po = Pumax. ton/T

Pyax: Cong suit nhan dugc khi néi tryc ti€p vao ludi.

ton: Thoi gian thyristor ON. T: Chu ky d6ng ngit

2. Péng ngit hic dp qua diém

J'-ND

mach khi 4p ngudn qua zero. 7T 2 f
1111 S

Khi d6, dp trén tai chi c6 thé 1a s&
nguyén ban ky ludi. Dong qua tai ting
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1én tir zero ngay ca khi tdi R. Hinh 3.3.1: sg do DK zero switching

b. Lgi ich cua zero switching:

Tréanh dugc kh3 ning phdt xa nhi€u vo tuyén hay nhiéu lan truyén trén day ngudn khi
dong tdi bi ting dot ngodt lic Thyristor bit dau din véi tdi R.

“A s . .
¢. Mach di€u khién zero switching:

Nguyén ly clia zero switching 1a chi kich thyristor khi 4p ngudn qua zero (hinh 3.3.1). Hinh
3.3.2 phdt xung khi 4p ngudn qua zero nén dudc goi 1a mach khdm pha zero (zero detector). Xung
zero (ZD) nay phdi qua cdng AND kiém sodt bing tin hiéu diéu khié€n PK.

] yee e
220k L
kT 10k /\ /\
220 YAC ? out i vt

1Jdb Jm " : j>—3—8”t \ zm\f
N

‘ 33k§ =
k2 T
Y . S J—‘our

(a) = = (b

(ol

i

Hinh 3.3.2 : so d6 kham pha diém khong a va ©

b, ¢ 1a dang ap ra hinh b.

Mach kham ph4 zero con déng vai trd rit quan trong trong nhitng mach diéu khién 1am
viéc v6i ludi dién xoay chiéu.

3. Ung dung DK ON - OFF:

Nguyén tic chung: Thyristor thay thé ngit dién co khi dé€ d6ng ngit tdi AC vdi nhiéu wu
diém, dugc goi la Ro le, contactor bdn ddn SSR ( solid state relay )

L I

Py
TL

SN A
CASE 730A < Dley O
Triac Drivers o khién ut
Q—-
Peak LED N w
Blocking Trigger Current
Voltage T (a)
Voits mA, Max Device
250 30 MOC3009 Q
15 3010
10 3011 A4
400 30 3020 SCR2 b2

]
15 3021 Zf
For Zero Crossaver Firing \O
250 30 MOC3030 8 In \; ;
15 30319 33 (o)

ut
400 30 3040
15 3031 E —
800 30 3060 Q‘; ZSCRl 0.1u
15 3061 '
0—;
%3 Indicates UL Recognized — File #E54015
(b) Z~
_ D1
Hinh 3.3.4: Ddc tinh OPTRON TriAC Q
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Hinh 3.3.3: Sd dd ro le ban dan

- So d6 khoi tdng quat (hinh 3.3.3.a): Ngd vao clia SSL ndi bo diéu khi€n TRIAC qua bd
cach ly Optron. Khi diod phat quang clia Optron ¢6 dong, transistor ngd ra s€ bao hoa, tic dong
1én mach Piéu khi€n cung cip dong kich cho TRIAC.

- Mach dién dk ON — OFF tdi diing SCR va ti€p diém co khi (relay) (hinh 3.3.3.b)

NOTE: CIRCUIT SUPPLIES 25 mA DRIVE TO GATE OF TRIAC AT
Vin = 25V AND T4 = 70°C.
180 rd]
BY 300 1 § A R2
e TRIAC
= Y o [ e [ <
] o < —¢ O 15 mA | 2400 0.1
L — A TRIAC 30 mA | 1200 0.2
115 VAC 50 mA | 800 0.3

Hinh 3.3.5: So d6 ro le ban dan dung OPTRON TRIAC

Hin 3.3.4 va 3.3.5 huéng din c4ch sit dung Optron TRIAC d€ diéu khién ON-OFF .

Uu di€m: SSR khong tao ra tia ltta dién khi déng ngit, s6 1dn va tan sé déng ngit cho phép
rit cao, cong sudt diéu khién rat bé - c6 thé tic dong tryc ti€p tif mach vi dién tl, c6 thé tich hop
vGi cdc bd diéu khién dién ti khic d€ dugc nhiéu tinh ning mdi.

Nhudc di€m: La cdc nhuge di€m cilia thi€t bi dién ti: kha ning qud tdi kém, hdng khong
phuc hdi dudgc, nhay véi nhiéu, nhiét ...

R0 le, contactor ban din thudng dugc ding thay thé ro le, contactor co khi khi can s6 1an
déng ngit 16n, mach cap dién cho bi€n 4p mdy han dién tr§ (han ti€p xic), diéu khién 16 dién hay
tac dong nhanh (nhu 6n 4p xoay chiéu hay UPS) ...

1114 PIEU KHIEN PHA AP XOAY CHIEU:

Diéu khién pha ( DKP): 12 phuong phap thay d6i dién 4p ra trong hé thong c6 ngudn hinh
sin biing cach st dung xung kich c8ng cic thyristor ¢6 cling tin sd nhung géc 1éch pha thay d6i so
v6i hinh sin ludi. Nhu vay thyristor din mot phan chu ky 1u6i, di€m bit ddu din clia thyristor s&
thay d6i theo géc diéu khi€n, nhung thyristor chi trd vé trang thai khéa khi dong dién vé khong.

I. ;
o )
| T2y o 1 i >

o

3 ey

fa)
Hinh 3.4.1: So dd va dang ap ra so do diéu khién pha tai thuan tro.

Thong s6 cin ban cia PKP 13 géc diéu khié€n pha (PKP) o — con goi la géc thong chim
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(angle of retard, delayed angle), dudc tinh tif vi trf tuong ng véi o = 0 goi 12 géc chuyén mach ty
nhién hay khong c6 diéu khién. G6c chuyén mach ty nhién nay la di€m thyristor bat ddu din dién
khi ta cung cAp dong cuc cong lién tuc va tii 1a thuin tr, tuong Gng v6i trudng hop thay thé
thyristor bing diode. C6 thé d€ dang thdy 1a khi o = 0, 4p ra sé& cuc dai.

Thong s& khic clia sd dd diéu khién 12 bé rong xung kich thyristor phdi ddm bdo pham vi
thay d6i géc DKP rdng nhat, tir gid tri 4p ra tdi thi€u ( thudng bing 0 ) tuong ing o = aax dén
t0i da oo =0 ( HT khong diéu khién ).

2. Khdo sit sd do mot pha:
a. T4i dién trd: ( Hinh 3.4.1)

Goi 4p nguébn U = V\2sinot <341>
véi V, o: tri s& hiéu dung va tin s6 géc 4p ngudn

Tai wt = 0, déng ngudn. T khdng din nén dong tdi ip = 0
=> dpra vo = 0,4p trén TRIAC vt =v — vo = v > 0. Thyristor phian cuc thuin.

Tai wt = o, c6 dong kich ig va vr > 0 =>T din dién, ta c6:
vr =0, vo=v => ip = v/R ¢6 dang hinh sin nhu dién ap.
Taiwt =n, vo=0, ip =0 =>Ttit.
Trong ban ky am, dang 4p dong dugc lap lai, nhung v§i gid tri ngugce lai (hinh 3.4.1.(b)).

- Tri hi€u dung ap trén tai:

T
Vor = 1I%J‘Tv?‘olt = %I(V\Esin ot)2dot = V\/%(n -o+ %sin 2(1) <3.42>
(0

Ki€m tra lai: khi oo = 0, 4p ra biing 4p ngudn Vogr = V . Vi dong c6 cling dang véi 4p ( tai
thudn trd ), tri hiéu dung dong qua tai:
Iogr = Yor _ V. l(n —o+ lsinZOL) <3.4.3 >
R RVm 2

- Cong suat:

2 2
v V
Po = TijO Lodt—T T(%) dt:( OR) <3.4.4>

Biéu thiic nay vaAn giéng nhu trudng hgp ngudn hinh sin vi do tai thuin trd, dang dong ap
trén tdi van gidng nhau.

- C6 thé chitng minh dé dang 14 HSCS ctia mach < 1 do dong qua ngudn khong hinh sin.
Bai tdp: Tim biéu thitc tong qudt ciia HSCS khi diéu khién pha dp AC tdi R.

Vi du: Tim géc PKP o dé céng sudt ra bang Yz cong sudt cuc dai ( khi déng truc tiép vao
nguon).
Gidi: Gidi truc tiép bai todn ngugc suy tit phiong trinh <3.4.3> khong thic hién duoc, tir
<3.4.4 >, ta co
0o)’

Py = TIT R dt—lP MAX = TIT dt hay '[Tvo dt—ij dt

=> Ta can cé tich phdn ciia binh phiong dp ra vo bdng ¥ tich phén ciia binh phuong dp
nguén v, do tinh déi xing ciia hinh sin, suy ra o = 90 © . C6 thé kiém tra lai bing tinh todn theo
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< 3.4.3 > va < 3.4.4 >, truong hop nay dp ra vo cé tri hicu dung 1o V /2 .
b. Ti RL:

Khdo sat tuong tu trudng hgp tai dién trd :
Tai wt = 0, déng nguén. TRIAC T khdng dan nén dong tdi ip = 0

=> dpra vo=0,aptrénTIa vy = v — vo = v > 0. Thyristor phan cuc thudn.

f&)

Hinh 3.4.2 So d6 va dang ap ra so dd diéu khién pha tai cdm khéng.

Tai wt = o, c6 dong kich ig vavr > 0

I ) di .
=>Tdandién,vr =0, v, =R-i, +L- dz(f) —v=V2sinwt <345>
vGi diéu kiénbandau  io=0 khi wt=a
Gidi ra :dong tdi ¢c6 dang io = io1 + Loz VGi

* 101 12 thanh phan x4c 1ap, xdc ding tf tic dung cia nguon hinh sin v :

2 sin(ot —§) vditdng tré tdi Z = lez + (wL)2 va gécpha ¢ = tg‘l w?f,

iol =

* {og 12 thanh phan qud d9, 1a nghiém clia pt khong v€ hai: 0 = R - i, + L - P
t
-t/ \ - \ \
lopp = Ae /T vd@ithdihdngt = % , Hiang so tich phan A x4c dinh tr di€u ki€n ban dau

V2

A
0= sin(foo—¢)+ Ae /01 suy ra M

bi€u thitc dong dién ngd ra io nhu <2.10> sau

—(ot—o)
iozvf sin(ot —¢)—sin(oa—¢)-e 4)1}

<34.6>
Céc thanh phan dong dién ip dudc vé trén

hinh 2.13 cho mdt ban ky. -
Khi wt = o +y dong vé khong: io = 0 suy ra - ¥ \
=Y I-:-I'\<
sinfoa+y—¢)—sin(a—¢)-e 7T =0 <347 > 5
hay: 1 %
At gLl
/—/_I/o;
Lol 0 4.0 . N2 bl ol b Ao 2o dX oo iAo
. ’).Illlll’j J.T.J .AUa\j LII(I.‘IIII Mrart vua UUIIy uie T
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sin(oc+y—¢)=sin(oc—d))-e_%” <347 >

vy : bé rong xung dong hay géc din ciia Thyristor, 1a nghiém ctia < 3.4.7*>. Phudng trinh
nay chi c6 thé gidi bing phuong phap s6.

Nhin xét 12 y > — o nghid 1a khi 4p lugi vé khong, dong chua vé khong, thyristor s& din
dién & mot phan ban ky am.

Hién tugng nay c6 thé gidi thich bing tic dung clia tv cdm L ludn ludn chong lai sy thay
ddi clia dong dién. Khi thyristor bit dau din, dong qua mach ting 1én tir gia tri khong. Vi

d. N . N .9 . . 9 N N

vy, = L% > 0 sut 4p qua R bé hon ap ngudon. Khi 4p ngudén v giam, ip giam va vy, <0 lam
ting hiéu th€ qua R, cho phép dong qua né vin con khi dp ngudén di am. vy, 1a phan dién tich
gach soc thang difng trén, vg 12 phan c6 chAm & hinh 3.4.3.

Trong ban ky am, dang 4p dong dugc lap lai, nhung véi gid tri ngudc lai ( hinh 3.4.3).

Tri hi€u dung 4p ra:

a+y

Vi = \/%ITdet = L j(V\/ESina)tfda)t

<3.4.8>

— V\/i(;/ + L /[sin2a - sin 2(a + 7/)])

Bi€u thifc tinh tri hiéu dung dong ra c6 dang rit phifc tap vi ip ¢6 c ham sin va ham mii,
khong tién tinh todn bing gidi tich. Trong phu luc & cudi chuong, phuong phédp tinh todn géc din,
cdc dic trung clia dong dién trong bd bi€n ddi diéu khién pha biing do thi dugc trinh bay.

Cdc nhdn xét:

* Ap ra bing khong khi o = opax = 180 ©.

* Géc o toi thi€u vé6i tai RL ( pham vi diéu chinh géc diéu khién pha tii RL ) bing ¢. Khi
a gidm, géc dan y ting. Khiy = 180 o, xung dong ban ky duong ndi lién xung dong clia ban ky
am ( dong dién 1 lién tuc ), dp ra vo dat cyc dai va bing dp vao v, dong ra hinh sin tuong ¥ng géc
diéu khién pha la cuc ti€u ( d€ con c6 thé diéu khién ) - gia tri nay bing ¢. C6 thé thé vao <2.11>
dé kiém tra. Khi kich cdc thyristor véi xung c6 a < ¢ vdi dang thich hgp ( xung rong), dp ra khong
thay d8i — hé thong khong con diéu khién dugc khi o > ¢.

* Yéu cdu kich xung rong: Khi diéu khién pha 4p xoay chiéu, xung kich cic thyristor can
12 xung rong d€ ddm bdo mach lam viéc binh thudng khi o < ¢. Pi v6i so @ mot pha, ngudi ta
thudng ding xung c6 bé rong ( — a ) tuong &ng xung bit ddu & wt = o va chim dift § wt = © &
chu ky diu. P€ chitng t3 su cAn thi€t nay, ta quan st hinh 2.14 m6 t4 qud trinh qua do bo PKP ap
xoay chiéu mdt pha tdi RL kich biing xung rong khi géc PKP a. < ¢.
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Hinh 3.4.4: Qua trinh qué do bd DKP ap xoay chiéu mdt pha.

O ban ky ddu tién, T1 s& din dién ngay khi dugc kich. Do a < ¢, géc dan y ciia T1 16n hon
© va dén ban ky thit hai, khi T2 ¢6 xung cuc cdng, T1 vin con din, nén T2 vain bi dit 4p Am va
T2 sé& din dién ngay khi dong T1 vé khong ( T1 tit ). Ap ra vo van bing 4p ngudn v 1a gid tri 16n
nhat ¢6 thé c6. Nhu viy c¢6 thé xem T2 dugc kich véi géc PKP 16n hon gid tri o ctia mach diéu
khi€n cung cip nhung vin I6n hon ¢ va géc din y cda né ti€p tuc 16n hon © . Moi viéc xdy ra
tuong tuw & cac ban ky sau. P y 1a du cdc géc din thay ddi, ching ludn 16n hon  va dp ra vp van
bing 4p ngudn v. Qué trinh qui do nay sé chdm dit khi dong trd thanh hinh sin va 1éch pha véi
4p géc ¢ .NEu xung kich céc thyristor khong kéo dai, T2 sé khong th€ din dién khi T1 tit.  ban
ky thit 3, T1 lai din va d&€n ban ky thit 4, T2 cling khong thé 1am viéc nhu ta mong mudn.

3. So d6 ba pha: o
Trong cong nghiép, d€ cung cip T1 NJ T2 Tai
dugc cong suit 16n ciing nhu ddm bdo sy TI&LCA
cin bing cua ludi dién, ngudi ta dung cic o
s6 d6 ba pha. So dd hinh 3.2.2.(b) ding ba MJ
TRIAC cho t3i tr§ hay ba cip SCR song Ngudn = K] 12 Tai —
song ngugc 1a cdc so @6 cho ra 4p dong can TRIACB
bing, dung dudc cho diéu khién pha tai o
di€n xoay chiéu. 11 NJ o T4 ]
Trong mot s6 trudng hgp ngudi ta TI!SI/LCC

con ding cich ndi ba mach mot pha doc lap - ]
nhu hinh 3.4.5 vi Iy do don gidn. Lic nay Hinh 3.4.5 Sd do diéu khién pha tai ba pha dung ba
mdi pha tai va thyristor diéu khién ndi vao ~ mach mot pha
4p day, cdc pha khong dnh hudng 14n nhau, tinh todn nhw mach mot pha.

Hoat dong ctia mach ba pha hinh 3.2.2.(b) véi tii R hay RL hoan toan tuong ty nhu so d6
mdt pha nhung viéc khdo sit phifc tap hon vi cdc pha c6 méi lién quan véi nhau.

C6 2 trudng hgp (md ta véi tdi ndi Y):

- Chi ¢6 hai nhdnh SCR din dién: 4p pha c6 dong tdi bing %2 4p day tuong ng, 4p pha
khong c6 dong bing 0.

- C4 ba nhdnh SCR din dién: 4p pha tii bing 4p pha ngudn.
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Hinh 3.4.5b: Dang &p ra (ap day) mach diéu khién pha ap xoay chiéu, so dé 3 pha hinh 2.5b tai

thuan trd.

Viéc SCR chi ngit khi dong qua n6 bing khong da lam viéc khdo sat gidi tich BBD ba pha tdi RL
khong thé thuc hién dugc, chi c6 thé md phdng trén mdy tinh hay qua thi nghiém. Nhu vay, viéc
tinh todn cling dua vao cdc dd thi hay chuong trinh mdy tinh.

K&t qua khio sit cling hoan toan tuong ty: Khi ting géc diéu khi€n pha, 4p ra gidm Ian.
Géc din clia cdc thyristor cling phu thudc vao tinh chat ciia tdi. C6 thé chitng minh dé dang la vé6i
tdi RL, khi o nhd hon ¢ ta cling hét diéu khién dugc 4p ra vi liic d6 cac thyristor lun ludn din.

Ap ra biing 4p ludi.
4. Ung dung diéu khién pha ap xoay chiéu:

A A , N 7 4 A ,
a. Pieu chinh do sdang den coé tim, on dp xoay
chiéu dung thyristor::

b. Piéu chinh dp dau vao ciia bién dp diing cho
cdc itng dung giam hay tdng dp:

Trong cong nghiép c¢é nhiéu ng dung sit dung
ap ludi qua bi€n dp c6 nhu cAu thay d6i ap ra, mot
chiéu hay xoay chiéu vi du nhu han hd quang (ding
véi tdi xoay chiéu hay mot chiéu ), cic bd ngudn cho
xi ma, dién phan ( 4p thdp dong I6n ), cdc bd ngudn
cho thi€t bi loc tinh dién ( 4p cao dong nhd ) ...

Viéc stt dung bo diéu khién 4p xoay chiéu ban
din s& 1am ting tinh kinh t€ cho thi&t k€.

L T

220
VAC 2k2

47k

55

Zzzﬂz:

— (4

0.1u

Hinh 2.16 Bg Light dimmer dung TRIAC
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SCRs

c. Trong diéu khién dong co

khong dong bo: J
T
C6 hai tng dung quan trong: ® ?:B\ [y 2 @
khdi dong dong cd va diéu chinh t6c  LUGCI

do bCo KbB

D o

- Piéu khién t6c d6 dong cd
khong dong bo: C6 tic dung rat gisi B
han. PIEU KHIEN

- Khéi dong déng co khong
dong bo: Pay la dng dung rit ¢6 gid Hinh 2.17: Bo khéi dong dong co khong déng bd ding
tri cia dieu khi€n pha dp xoay chicu.  thyristor. CB: Ngat dién tv dong (aptomat), CT: bién

dong dién.

Khi déng truc ti€p vao ludi dién, dong khdi dong dong co khong dong bo rit 16n, tir 5 dén
7 1an dong dinh mitc. Piéu nay gdy 4nh hudng dén céc thi€t bi ding dién khac, nhat 1a khi cong
suat ludi bi gidi han hay & cudi dudng diy c6 sut 4p 16n. Viéc diing bd diéu khién dp xoay chiéu
diing SCR ting din 4p dit vio dong cd s& lam gidm dong khdi dong xudng con tir 1.5 dén 3 1an
dong dinh mitc, phu thudc vio ch& @6 tdi. C6 thé phan hdi dong dién qua dong cd vé bo diéu
khién d€ ki€m sodt chinh xdc dong khdi dong, géc kich céc thyristor chi dugc phép gidm (1am
tdng 4p ra) khi dong qua dong co bé hon gié tri cho phép. Khi dp diat vao dong cd dat gid tri dinh
miic, ¢6 thé diing cong tic to cd khi d€ ngin mach, loai bé bd khdi dong né€u mudn.

Mot kha ning khic cda thi€t bi nay 12 ta ¢6 thé ting din 4p dit vio dong co véi do doc
thay d6i va toc do dong co ciing ting dan theo dp,va diy chinh 12 1y do phudng phip nay cé tén
thuong mai 12 soft start. Nhd d6 c6 thé thay ddi thdi gian khdi dong, tir 1 gidy d&€n 10 gidy hay hon
& mot s6 trusng hop dic biét. Nhu vay gia toc khi khdi dong dugc ki€m sodt, day 1a yéu ciu dé
khéi dong cic truyén dong cung cip cd ning cho mot sd dang tdi, vi du cic mady méc lién quan
dén cudn hay kéo cic san phim dang bing — rat hay gip trong cong nghiép dét, gidy, in, ... hay
trong cong nghi€p ndng véi cic mady moc c¢6 quan tinh 16n.

IIL5 TOM TAT CAC Y CHINH:

Sau khi hoc chuong ba, ta can nim dudc cich st dung thyristor (SCR va TRIAC) d€ diéu
khién céc tdi AC diing dién ludi, bao gdm:

- Péng ngit mach dién thay cic thi€t bi cd khi quen thudc. Céc role contactor ban din mé
ra nhitng kha ning méi, trong d6 kha ning déng ngit khi 4p qua zero rat ddng chd y.

- Piéu khién pha 4p xoay chiéu. Biing cich thay ddi (Iam chdm) pha clia xung kich cdc
thyristor, 4p ra ctia bo bi€n ddi dudc diéu khién (gidm). Cac dic diém cin chd y la: 4p ra sé& thay
ddi theo dic tinh cda tai do thyristor chi tif tit khi dong gidm vé khong; dp ra khong hinh sin din
dén viéc tinh todn dong 4p ngd ra rat phiic tap. Du diéu khién pha 4p xoay chiéu c6 mot s tng
dung ddng chd y, viéc khdo st trong chuong ba chi nhim muc dich Iam quen, dAn nhip vao chinh
luu diéu khién pha (chuong ba) 1a mot trong tAm clia gido trinh.

BAITAP & CAUHOI ;

1. Nguyén tic diéu rong xung dé diéu khién cong suat 10 dién. Chu ky diéu rong cé thé
chon 12 bao nhiéu khi st dung phan tif d6ng ngit1a TRIAC hay contactor ban din.
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Bai gidng tom tit mon Dién tir cong sudt 1

2. Nguyén 1y zero switching, uu di€m clia n6 khi d6ng ngit tai R.

3. V& dang 4p ra clia sd dd chinh luu ban séng (chinh Ivu mot diod) va diéu khién pha 4p
xoay chi€u so d6 mdt pha véi tdi thuan trd. Ching t6 1a tri s6 hiéu dung 4p trén tdi trong hai
trudng hop déu bing /\E hién diing 4p ngudn.

4. Stt dung phu luc 1 d€ tinh géc kich thyristor clia s6 @4 diéu khi€n pha 4p xoay chiéu tai
R dé€ c6 tri hiéu dung 4p ra 12 110 v khi 4p ngudn 1a 220 v (hiéu dung).

Hudng dan: vi dong dp trén tdi R ti1€ (i, = v,/R), suy ra tri s6 hiéu dung 4p, dong ciing i 1&:

Vog = %ijg-dt: %J'TRz-ig-dt=R-,/%J'Ti3~dt=R~IOR

Theo vidy cia PL 1.2, Ipp =+/2-Ipn - Ig . Ipy tra bang theo (0,9),Ig =2V / Z . ta c6:

Vor =R N2 -1, - 1,=2-V-I,, suyra I,, =1/4=0.25.

Tra d6 thi hinh PL1.2 , v6i Ixy = 0.25 va ¢ = 0 © (tdi thuin trd), nhan dugc o = 114 ©.
Thit lai bing <2.6> Vi = Vi[L(7 —a +4sin2a);thé o =114° = 1.92 rad va V =220 vao,
tinh dugc tri hi€u dung dp ra la 109.7 volt.

PHU LUC 1 : GIAI BAI TOAN PIEU KHIEN PHA DONG GIAN POAN TAI RL BANG PO THI:

Viéc gii tich dong dién cic so d6 diéu khién pha tdi RL déu c6 thé quy vé dang co ban:
mdt SCR 1am viéc v6i ngudn xoay chiéu nhu hinh PL1. Thit vy, & bat ky sd dd, mdi liic mot pha
1u6i chi c6 thé c6 dong qua mot SCR, tao ra mdt xung dong dién. Hinh PL1 khio sit trudng hgp
xung dong dudng, twong ng v4i ban ky duong clia ngudn, xung dong Am hoan toan tuong ty.

:
o

Lia)
T

(i}
_¥Q

ot

i)

Hinh
PL1.1

Ta ¢6 : ngudn hinh sin v = V/2 sin ¢ .
T&i RL ¢6 thong s6: tdng tr§ tdi Z = 4/R? + (wL)’va gécpha ¢ = tg™ %
Nhu da khao sat, phuong trinh dong ip ¢6 dang <2.10 >:
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V\/_

lo =

—(ot—o
sin(ot —¢)—sin(a—¢)-e / }

ON

g6c dan Y la nghiém clia <2.11 >

=Y
khi ot=1v, iy =0 tuong tngsin(a+y—¢)—-sin(a—¢)-e A'T =0 <PL1.1>

oty
. C s X (i de="L [;
Tri trung binh dong Ip : I, = TIT lodt = o _[Lodwt
a
a+y —(ot—a)
Iy :ﬁg I {sin(mt—q))—sin(a—q))-e A'T}dwt <PL1.2>
a
oty
C A N ) 1 - )2 1 .2
Tri hi€éu dung dong Ior: IQg = JTIT(LO) dt = P _[ (iy )* dwt
a

log = —=
OR 7

o+y —(ot-a 2
vy2 L j {sin(mt—¢)—sin(a—¢)-e ( %r} dwt <PL1.3>
[0
Ba phuong trinh trén c6 thé tinh todn d€ dang vdi sy trg gitip clia mdy tinh. Trong thuc
hanh, chi c¢6 thé dya vio cdc dd thi d€ gidi cdc bai todn lién quan dén cic tich phan trén.

1. Tinh géc diny :

St dung mdy tinh, ngudi ta tinh y theo o, ¢ (phuong trinh < PL1.1 >). Hinh PL1.2 bao
gdm céc dudng cong v (a) v6i ¢ 1a thong s6. Dua vao d6 c¢6 thé tim mdt thong s& khi bi€t hai
thong sd con lai.

Vi du: Cho sd @6 diéu khién pha 4p xoay chiéu mot pha tai RL.

R =10 ohm 180 [ T [ r 1 I
X1 = oL =10 ohm N A AA W
; - ) o 160 (— i —
a. Tinh géc dan khi o =60
Z=(10% +10%)" =14.1 ohm, ol
¢=45° ]
Tra bang : 120 L 7
a=60%a $=45°=>y=162°
. e =
b. X phdi bang bao nhiéu dé ' "
c6 géc din bing 180 ? gol~ |
a= 60°vay=180° => ¢ =60°
60— . —
=> X =R.tg(60°) =17.32 ohm
401— -
2. Tinh tri hiéu dung : 20 b— N
P4 thi trén hinh PL1.3 12 két qué ’
0 . ~ RV A L } 1 14 l ] L
cua tich phan tri s6 dong hi€u dung 0 20 40 60 B0 100 120 140 160 180
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qua SCR khi dua < PL1.3 > vé hé Hinh PL1.2 : D0 thi tinh goc din cla thyristor tai RL
tuong doi, dit:

loR .. V42
IRN :K vO1 IB:

Liic d6 Iry chi phu thudc o, ¢ la hai thong s6 khong thit nguyén.

oty —(o)t—ocy 2
lrN = ;—nj sin(ot—¢)—sin(o—¢)-e oT | dwt
o

Do d6 d€ tinh Iog, tra bang d€ c6 Igy theo o, ¢ va suy ra Iog = Ip.Iry

Trong thuc t€ rat hay gip trudng hgp c6 nm xung dong gidng nhau trong mot chu ky, vi du n
=2 nhu & diéu khi€n pha 4p xoay chiéu, sd d0 mot pha (hinh 2.12). Liic d6, k&t qui s& phdi nhan

cho \/;

That vay, bi€u thitc cho tri hiéu dung dong di€én mdt xung

o+y 05 J;_
1 _ |1 - \2 o
IOR = % I (lo) dwt wl

o

Biéu thic cho tri hiéu dung

. 031 Ipy
dong di€n n xung gidng nhau trong
mot chu ky: 02}~
IOr = “
l
Suy ra o 20 40 60 80 100 120 140 160 160
I :\/Z-Il Hinh PL1.3 : Tri hiéu dung dong dién so d6 PKP mot
OR OR SCR

Vi du : Cho sd dd diéu khién pha 4p xoay chiéu mot pha tdi RL, R = 10 ohm, Xp = 10
ohm, 4p ngudn 220 V.

a. Tinh tr1 hi€u dung dong qua mach khi a =60°

Giai:

Z=(10%+102)" =141 va ¢=45° 1g=2.V/Z=22A

Trabang, véio= 60°%va ¢=45° Ign= 045 => lgg =+/2-1g-0.45=13.96A

b. Tinh géc kich o, d€ dong hiéu dung qua tai 1a 9 A:
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V6ilog = 11 A => Igy =Ign /(g ~2) =11/(+/2-22) = 0.35.

V2 dudc dua vao vi day la tinh tri hiéu dung véi 2 xung. Tra bang, Iy =0.35va ¢ =45 0
chota a=85°

Luu y 4p va dong trén tdi RL khong ciing dang nén tri s6 hiéu dung ctia ching khong ti 1&
v6i nhau nhu & trudng hop tai R, nhu vay khong thé dya vao phu luc 1 nay gidi d€ gidi bai todn
ngudgc: cho tri hiéu dung dp ra tai RL, tim géc kich TRIAC.

3. Tinh tri trung binh :

Tuwong ty nhu tinh todn dong hiéu dung, tich phadn < PL1.2 > tinh todn tri trung binh so d6
DKP mot SCR khi dwa vé hé twong doi:

o+y V\/E

| —(mt—ay
lony =2 =5 [ |sin(ot—¢)-sin(a—¢)-e @ Gwt Vi Ig =—=

o

Vay tri trung binh & hé 0318 o = % = \e
A 2 A 03— Do * » » W
tuong doi Ion chi phu thudc : B\ \3

o, ¢ (hinhPL1.4).

Do d6 d€ tinh Ip, tra

bang d€ c6 Ion theo o, va
0.2}~

suy ra IO = IB-ION . _‘

Tinh todn tri trung binh oN
vGi SCR chi gédp trong chinh luu
diéu khi€n pha ( chuong 3 ), khi
ngd ra 13 dién mot chiéu. Phu
luc nay chi giip tinh todn cho
trudng hgp dong gian doan, khi
dong dién c6 nhiing khoang l' o
bing zero. 0 20 40 86

0 —

80 100 120 140 160 180

Trong thuc t€ rat hay gip )

Hinh PL1.4 Tri trung binh dong dién so do DKP mot SCR
trudng hdp c¢é n xung dong gidng nhau trong mot chu ky, vi du n =3 nhu & chinh lvu hinh tia 3
pha diéu khi€n pha. Liic d6, k&€t qué sé& phdi nhan cho n. Chitng minh tuong tu nhu trudng hop tinh
todn tri hi€u dung :

Tich phan dong trung binh cho mdt xung I :

a+y E
Iy =5 |i,dwt k Vo B
. : o i
Bi€u thuc cho tri trung binh dong di€n = ﬂt
n xung [;: e 2
a+y
Igzﬁj.iodwt suy ra I8=n-l(13 ] - [~
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Vi du : Cho sd db chinh luu cAu mdt pha diéu khién pha (n=2), tdi RL:
R=10Q, X, =10Q, 4p nguén 220 V.

Tinh tri trung binh dong

qua tai khi o =100 °

Gidi: Z=(10> +10%)"” =14.1 va ¢$=45°

- Ki€m tra dong gidn doan: La diéu kién cin dé st dung cdc bang tra.

a= 100%va ¢=45° => y=123° dong gidn doan, vi y bé hon géc din khi dong lién tuc
clia s6 db hai xung 12 360° /2 = 180° .

- Tinh dong trung binh qua tai:
Tra bang, véia= 100 %va ¢=45° => Iox= 0.14
lg=2-15-0.14=6.16A
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Bai gidng tom tat Dién tir cong suat 1

Chuong 4 CHINH LUU BIEU KHIEN PHA

IV.1 CHINH LUU DIOD ( KHONG PIEU KHIEN ):

Céc so @6 chinh luu duge phéan loai theo s& xung clia 4p ra.

1. Chinh luu hai xung: Gé6m sd d6 cau mdt pha va sd 6 mdt pha c6 diém gitra.

a. Hoat dong 0 tdi R:

an ;io Vo
DI, D4 D2, D3
N UO\I/ R 0 A 27 wt
U
- - e -
X X ) - 2Wll_,Ut
(a) (b) 0

Hinh 4.1.1 So dd cu mdt pha (a) va so d& mdt pha ¢ diém gitia >t
(b) va cdc dang song dong, ap tai trd (c) (c)

Goi 4p ngudn v = V42 sin(wt) <4.1.1> V:1a tri hiéu dung 4p ngudn.
» Tri trung binh 4p ra:
N

1 1 2n 1 ¢m .
VO_?.[TUOdt_%.[o vodt—;J.Ox/EVsznwt-dwt——V <4.12>

Véitdird: vy =iy. R =>i,=vy/R=>1,=V,/R <4.13>

> DPE& tim 4p ngugc dit 1én diod, xét trudng hgp khi D1 din, D2 phin cuc ngugc bing ap
1u6i, vay 4p nguge cuc dai cha diod s& 1 tri s6 dinh dp lugi V+/2 .

So @b hinh 4.1.1(b) st dung bi€n 4p c6 hai cudn thit cdp ddo pha, 4p ngudc dit vao chinh
luu ting gAp doi. That vay, khi D1 din, 4p dit vao D2 la:

Up2 = —e —e = —2 e (quiudc ap trén SCR hay Diod ludn tinh tor A qua K).
2
> Tri hi€u dung dong tdi: I p = \/— i 2dwt—\/ I iy dwt—\/ J dwt—

v6i V 1a tri hiéu dung dp ngudn. Tri hiéu dung dong ti cling chinh 1a tri hiéu dung Is ctia

dong qua ngudn khi tai 1a R.
2

. |7 ’ ’
» Cong sudt tiéu thu ciia tii R1a P=R.I, = 5 giéng nhu ndi tryc ti€p vao ludi dién,
twong ttng HSCS ctia BBD bing 1.
Né€u ta tinh cong suit mdt chiéu Ppc 1am cong suit hitu dung, P,.=V,I, <P, diéu
nay c6 thé giai thich d€ dang khi d€ y gid tri trung binh V,, bé hon gi4 tri hiéu dung V.
b. Hoat dong & tai RL:

Mach dién khdo sit 12 so d6 hinh 4.1.1.a hay .b véi tdi 12 RL & vi tri cia R. Phuong trinh
mach khi 14y lai g6c toa do:
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0 b1, D4 D2, D3 wt

Hinh 4.1.1.d
vy = =~2V sin(wt)= Ri, + Ld%it diéu kién dau : ip(0) = I;

gidira: i, = 2 sin(wt - ¢)+ Ile_% . Vi ¢ =tg”! % va T =%

Khi wt = n , dong dién tr lai gid tri ban dau I ; d€ 1ap lai xung dong cho ban ky mdi :

i, :ﬂsm( —¢)+ e %)1_11

Gidi phuong trinh ndy, ta dudc I; . Nhu vay, bi€u thic cho dang dong ra ig tuong ddi phic
tap, tich phan d€ tinh trj trung binh dong qua tdi I, =L _[ i,.dwt rat khé thuc hién. Trong thyc t€,

ngudi ta thudng chi tinh gid tri trung binh dong ra bing nguyén 1y x&p chdng, Khi gid st hé thdng
12 tuyé€n tinh, cdc thanh phin Fourier clia dong tai s& dugc tao ra tif cdc thanh phin Fourier clia
ngudn kich thich. Tri trung binh dong dién 12 dong dién qua tai khi tdi dugc cung cAp 4p mot chiéu
biing tri trung binh 4p ra (ciing chinh 13 thanh phan mot chiéu cda khai trién Fourier clia 4p ra):

Io = Vo/R, c6 dang <3.3>vi L khong c6 tic dung ddi vdi thanh phan mot chiéu clia
di€n ap.

Vi du: Tinh dong qua mach chinh luu cdu diod tdi R = 10 ohm, dp nguén 12 V (hiéu dung).

Tri trung binhdpra V,=12- # =12-0.9=10.8v,

Tri trung binh dong ra: 1, =V,/R =10.8/10 =1.08 A

c. Hoat dong & tdi RE: ( hinh 4.1.1.¢ )

Ngudc lai v6i tdi RL c6 khuynh huéng kéo dai géc din dién cda diod, tii c6 sitc phdn dién
1am cho géc din thu hep. That vay, tir so d6 mach dién hinh 3.1.f ¢6 th€ nhan xét 1a cdc diod chi
din dién dugc khi 4p ngudn 16n v hon sitc phan dién E cda tii. Géc § d€ diod bit diu din dién:

. _ < _ _ . s | E

Khiwt=35 thi v=E < E =~2Vsind= 8=sin (%fﬁ)

Khi diod din dién, v, =v=Ri, +E =i, =@v-E)/Rv6i v= V2V sinwt . Dang dong 1a
phin ¢6 to trén hinh 4.1.1.f. Khiip = 0 thi wt = n—§ vi tinh d8i xitng clia hinh sin.

Khi diod tit hay ip = 0, vo = E. Tir hinh 3.1.f bi€u thifc tinh trung binh 4p ra:

IIS+nv dwt——“ \/_Vsmwtdwt+ Edwt}
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o JAVAN v
0]

v R i

3 U\I/ : PN /
N R, — 2

E 0 wt
-l D1, D4 D2, D3

Hinh 4.1.1. () (f 5 v

va bi€u thic tinh trung binh dong ra: I, = %Kiodwt = %JZ_S (B4, )dwt . 1o ¢6 thé duge
tinh theo nguyén 1y x&p chong khi xét mach tuong duong d6i véi mach dién mot chicu:
Io=(Vo—E) /R
D€ tinh todn cong suit phdt nhiét clia dién tr§ R cin tinh todn gi4 tri hiéu dung Iog clia

dong diénraio: Igp = \/#J.: i2.dwt = \/%_[;_6 (v—l%?)2 dwt .

2. Chinh luu ba xung: So d6 hinh tia ba pha:

Trong so do tia 3 pha trén hinh 4.1.2.(a), céc diod ndi chung catod, tdi 1a thuan tr8. Dong
dién tai chay tr ludi (ngudn), qua diod va vé ngudn dién theo day trung tinh N.

Nguyén tic phan tich mach: C6 thé nhan xét 1a tai mdi thdi diém, diod ndo cé dién dp
anod cao nhat sé din va dit 4p Am vao cdc diod con lai vi cdc diod ndi chung catod.
Vidu:taiwt =0, va >ve>vg => DI din dién, D2 vd D3 bi dit 4p 4m. Hinh

4.1.2.(b) trinh bay dang 4p, dong ngd ra; dang dong, 4p trén diod D1. G6c din cia mdi diod la
2n/3. Tri trung binh 4p ra:

3 (2 3W6
Vo =—j6 V2V sinwt - dwt = ==V <4.15>
2n T 2n
6
{ A D1 ¢
Ap ba pha: S M s p0

va = V2 sin ot Blo—p 2 .
szV\/Esin(oat—zT”) Co—pp Bl o i
ve = V\/Esin(mt—‘g—“) N g

<4.14> (a)

)

Hinh 4.1.2 Sg do chinh luu
hinh tia 3 pha (a) va cac dang
song tai trg (b)

(b)

Tuong ty nhu di khdo sdt & so dd hai xung, vi 12 tdi thuan trd, dong ra ip c6 cling dang véi
4p ra vo, va tri sd trung binh Ip vin tinh theo <4.1.3>:  Ip = Vo/R.

Ap ngugc cuc dai dat vao diod 1a bién do dp day V6.
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S¢ @b tia ba pha c6 hai nhuge di€m: phdi st dung trung tinh , dong ngudn chi c6 thanh
phan mot chi€u nén chi dugc dung khi cong suit tdi khd nhd so vdi ngudn dién.

3. Chinh lvu sdu xung: Khio st vdi tai R.

Céc chinh luu chia 1am hai nhém: nhém + gdm D1, D2, D3, nhém — géom D4, D5, D6.
Chinh luu sdu xung c¢6 dong, d4p ra nhip nhd 6 lan trong mot chu ky, sit dung trong ludi dién ba
pha. C6 ba so db thudng diing: ciu ba pha, tia sdu pha va sdu pha c¢6 khdng can bing.

O mdi lic, dong dién tai phai di qua mot diod cia hai nhém nay. Ciing nhu s6 dd ba pha
tia, c6 thé nhan xét 1a véi nhém +, diod ndo c6 dién 4p anod cao nhat s& din dién va dit 4p Am
vao céc diod con lai; v6i nhém — 1 dién 4p catod thap nhat.

Vi thit t cdc phala A-—> B-—> C —> A ..., trinh ty din dién clia cdc diod dugc trinh
bay trén hinh 4.1.4: D1 —> D6 —> D2 —> D4 —> D3 —> D5 —> D1 ...

Trén hinh 4.1.3.(b) khdo sit cic dang dong 4p ctia chinh lvu cdu 3 pha (hinh 4.1.3.(a)), dién
4p v+ va v—cla hai diu ra so véi trung tinh ngudn 1a dudng nét ddm, gdm cic phan duong va 4m
nhit cia 4p ba pha,

dpra: vo = (v+) —(v-)

twong ng véi cidc khodng din dién cilia cic diod theo trinh ty & hinh 3.4. Mdi diod 1am
viéc 2m /3, nhung vi hai nhém 1€ch pha © nén c6 6 xung trong mot chu ky.

Va tng v6i mdi cip diod 1am viéc, 4p trén tdi sé tring v6i mot 4p day cda Iudi dién.

a. SJ dd cau ba pha: v+

U+ o

D1 (D2 | D3
N 2N 2K

baY D
~ Vv

UO R

®

(a) (b) : | DL ‘ |WD2{ ‘I | D3 Wi

Hinh 4.1.3: Chinh luu ciu ba pha (a) va [ |

D D6 D4 L0
cac dang song tai trg (b) 5 > i { —— I
v v v Ugsa Ug Vg,
ATNASNANAINASNANAN
| 2r | v/ Uo
[ 3 I3 ) ot
DI D2 D e e
|
| | | | o Wl
D6 — D4 — D5 o ! 1 1 1 | |
b | -

Hinh 4.1.4: Thd ty din dién cla céc
chinh luu va khodng dan
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Vidu khi D1, D6 din dién, d4pra: vp = va —U¢ = Vac
khi D3, D5 din dién, 4pra: vo = v¢ —UB =UcB

. -y 6 [et3 376
Tri trung binh 4p ra VOZZ_L? 3(UA—UB)-dwt——V 2.34-V <4.1.7>
T

6
Ap ngugc cyc dai clia so d6 cAu giéng nhu trudng hgp s6 db tia ba pha, vi mdi nhém + hay
nhém — déu hoat dong nhu mot s6 do tia ba pha.

b. SG db tia sdu pha:

C6 thé xem sd d6 tia 6 pha nhu 12 ba sd 6 mot pha c6 di€m gitta — 14y tir ba pha ngudn —
ndi chung ngd ra nhu hinh 4.1.5.(a) . Bi€n 4p & day c6 thé 1a ba pha hay ba bi€n 4p mdt pha, phia
ludi dién c6 thé ndi Y hay A .Trén hinh 4.1.5.(a), cdc cudn diy ndi vao 4p diy ba pha: vags, Usc,
Uca va cdc dp pha ngd ra s€ ti 1€ : Uap, U-aby Ube, U-ber Ucas U-ca » ta0 thanh 6 pha va tuong tu nhu da
khdo sét trong cdc phan trudc, trong cdc chinh luu ndi chung catod, chinh lvu ndo c6 dién dp anod
cao nhit sé din dién. Dang dp va dong ngd ra dugc vé & hinh 4.1.5.(b) . Ap ra nhip nho sdu lin
trong mdt chu ky nhu trong s6 do cau nhung mdi diod chi din dién mot phan sdu chu ky, bing

n/3. R
Tri trung binh dp ra ab \_{;‘ﬂ. .
6 4T N DBl ;0
Vo= ki 3 (vas ) dut c b oo
<4.1.8> ' U\I/
342 B_  © R
= —V =135V - ca n D3
N
Vo’1 4p pha thit c4p pha ab Ia & (a)
L vgp = VN2sin(wt) <419>V vo
12 hiéu dung dp pha thi cip. PE ¥ 1a
hai cong thitc < 4.1.7 > va <4.1.8> sé Yo Va \ /Vac \/Usc \ /UBa \ Pca cB
giong nhau néu trong < 4.1.7 > ta
diing 4p day thay cho 4p pha. C6 thé D5\/ D1\/D6\/D2\/ D4\// D3\/ D5
chitng minh la 4p ngudc cuc dai dit 0 2n wt
vao chinh Ivu 12 hai 1an 4p pha thi
cap.
So sinh cdc di€m khong (b)

giéng gilta hai s d6 ciu ba pha va

tia sdu pha (khi ciing dic tinh ngd Hinh 4.1.5: So do chinh luu sau pha (a) va dang ap ra tdi trg (b)

ra) :

S0 dd ciu ba pha S0 dd tia sdu pha:

- Chinh luu din dién 1/3 chu ky. - Chinh lvu din dién 1/6 chu ky nhung
- C6 thé ndi truc ti€p vao ludi, n€u c6 diing bién 4p | chiu 4p ngudc gip doi.

thi kich thudc, gia thanh cling bé hon. - Phai ding bi€n 4p.

- Thudng st dung cho cong suat 16n. - Chi diing cho cdng suit nhd.

c. Sd dd sdu pha c6 khiang cin bing: (hinh 4.1.6)

Gdm c¢6 hai so dd ba pha hinh tia c6 ngd ra ndi song song qua cudn khing c6 16i thép KCB.
Cic pha dién 4p vao cda hai bd chinh lvu ngudc nhau dé€ chiing lam viéc & hai bin ky cia dién ap
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1udi, 1am cho cudn diy sd cAp din dong & hai ban ky, khic phuc nhudc di€m clia so @ hinh tia 3
pha. Cudn khdng cin bing nay can thi€t vi mic du thi€t k& dién 4p trung binh hai chinh luu 1a
biing nhau nhung dién 4p tic thdi cda ching khong giong nhau. That vay:

v, (W) =v,, (wt—7) <4.1.9>
Uy = Uy =3 U
v,=0,-0, < 4.1.10 >
=v,=+(0,+v,,) < 4.1.11 >
Nh& vay 4p ra sé 1a trung binh cong hai 4p ngd vao va sé nhidp nhd 6 xung trong mdt chu
ky.
Mit khdc, khi 14y trung binh hai v€ clia <4.1.9>, ta tim dugc quan hé cla cdc gia tri trung
binh: V,=V,-V, =0 <41.12 > V=V =V, <4113 >
Khédng cin bing khong chiu 4p mdt chi€u va tri trung binh 4p ra Vo biing véi tri trung binh
clia mdi bd chinh luu, mdi bd chinh luu sé dAn mdt nita dong dién tai.
Viéc tinh to4dn khang cin bing dudc trd lai trong phan khdo sit cdc bai todn cda chinh luu.

IV.2 CHINH LUU PIEU KHIEN PHA ( SCR ): )
A i < g
R 7 B
% z i — N
Qv—" R v v R " b3
R (0] ab |
T3 L L D1
Z{Z be D2 'IO/ 2
5 ca
b i —— 7
A T =2 %1
T1| T2| T3
B TzE LA zHE KK ‘%
R A
C T3 B ! UO e UO% LO
Q—HT 8
C® ) ‘eb % A
(c) @ § N 04
Hinh 4.2.1: C4c sd do chinh luu SCR ~ab \, D5
14l

Hinh 4.1.6: So do chinh luu diod 6
pha c6 khang cin bang

Véi tinh cach 1 chinh lvu, SCR c6 thé thay thé€ diod trong cic sd d6 da khdo sit trong
phan IV.1, k&t hgp vdi kha ning diéu khién pha, ta c6 thé thay ddi 4p ra khi bt chiing din dién
cham di so vdi diod tuong ing nhu trong cac khdo sat sau.

1. S¢ @6 chinh luu SCR hai xung - hinh 4.2.1.(a) va (b):
Truong hop tdi thudn tré:

Xét trudng hdp sd dd cau hinh 4.2.1.(a), cic cip SCR T1, T4 va T2, T3 c¢6 cling xung kich
khdi (trén hinh 4.2.2 12 ig1 va igTe).

Gia st déng ngudn vao lic wt = 0.
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lo=0 =>vp=0vavyr; +vrs = vV—vp >0 :vay T1 va T4 dugc phan cuc thudn.

wt = o, c6 xung diéu khién, T1 va T4
din dién: vp = v = R.ip => dong tdi c6 clng
dang véi dp. Khi wt = n, dong 4p ra bing 0,
SCR t4t => géc dan y = n — a. Tri trung binh

ap ra:
(" L (" v7 o
VO:—Ivdwt:—j V2 sinwt - dwt
T o Y o

V, = V—‘E[cosoc +1] <4.2.1>
T

ST v,
Gid tri tirc tho1 dong di€n tai 1, = —=
<4.2.2>

= tritrung binh I, = ‘}/_s

Khdo sit so d6 chinh Ivu dung bi€n 4p
c6 di€m giira (hinh 4.2.1.b) tuong tu.

Truong hop tdi RL:

-

Vo
v -v
A
TC

2T(
o
iGT \ 2“'.
I wt

Lor20 / .
0

Ut

Q-
\§
g ] i

Hinh 4.2.2: Cac dang ap chinh luu 2 xung DK pha

Phuohg phdp khdo sdt hoan toan tuong ty truong hop tdi tré, & wt = a, Tl va T4 sé dan
dién khi dugc kich, phuong trinh vi phdn mo ta mach dién:

v, = Ri, +L%=U=V\/Esinwt

diéu ki¢n ban ddu i0| =0
wi=a

C6 thé nhdn xét la phuong trinh dong qua
mach cé dang hoan toan giong nhu truong hop
bo bién doi dp xoay chiéu (chuong 3):

—(ot—a)
Iy = Vf sin(wt — @) —sin(a — @) - e 4)-1

<4.2.3>
v6i t8ng 6 ti Z =/ R? +(oL)?
va gécpha ¢ = tg_1 %

dong dién ting lén tiv gid tri khong, chi vé khong
khi dp ra, bing véi dp nguén, cé gid tri dm. Géc
din vy > (n—a), c6 thé xdc dinh theo <3.4.7%>
va tinh todn thuc hanh theo phu luc 1.

c
=
~
<
Q
g‘.
i/

2
0 l 2
= Y
for I TC 2
iGT?}O / T 2t
0

Ui

Q_
\l;\f
: ]

Hinh 4.2.3: Dang dong, ap ra chinh luu 2 xung, tdi
RL vGi dong gidn doan

Qua bdn ky dm, hoat dong ciia mach dién ra tuong tw. Khi wt = 7+ a, SCR T2 va T3 dan
dién va vo = —v, ta van cé xung dong duong. Tri trung binh dp ra chi can tich phédn trong bdn ky:

V, = ﬁj.oznvodwt = %J:Hv -dwt = VT‘E[COSOL —cos(a+y)] <4.2.3>

nhu v@y dp ra phu thuéc géc dan y, thay doi theo tdi RL. Tri trung binh va hiéu dung dong
tdi c6 thé nhdn duoc khi tich phdn <4.2.3> hay tinh todn thyc hanh theo phu luc 1. Nhiung c6 thé
dé dang tinh tri trung binh dong tdi tir tri trung binh dp ra khi dp dung nguyén Iy xép chong, cong
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thitc nhdn dugc gidng nhu truong hop chinh luu diod.
VO

I, = & <4.2.4>
Truong hop tdi dong lién tuc: Vo
X4y ra khi L dd 16n va géc v :
diéu khién pha bé, géc din y ting dén | fo
khi biing n. Khi d6 SCR dugc kich khi !;
dong tdi chwa vé khong. Va nhu vay, 0 T o
cdc SCR thay phién nhau din dong x £ n S
tai.
Xét chu ky tya xédc lap, khi hé
thong hoat dong dd lau d€ qud trinh

qud d6 cham dit, dong ra lap lai trong Hinh 4.2.4: Dang dong, dp ra khi dong tai lién tuc

mdi chu ky 1u6i (hinh 4.2.4)

0 0< wt < a, T2, T3 dang din dong tai. Ap ra vo <0 va T1, T4 dugc phan cuc thuin.

wt >a : T1, T4 din dién khi c6 dong kich. T2, T3 tit vi n€u ti€p tuc din thi dong qua né
s& chay ngudc tir K sang A. Ta c6 su chuyén mach dong t3i tir SCR dang din sang SCR dudc kich.

Vay khi dong lién tuc, SCR cung catod (hay anod) thay phién nhau din dong dién tdi, géc
din — trudng hop tdng quit — cda 1 SCR 1a 21 /n ,v6i n 13 s6 SCR ndi chung catod (hay anod).
Vi sd d6 chinh lvu 2 xung, n = 2.

K&t qua 12 dang 4p ra khong d6i theo tdi, c6 tri trung binh :

V, = ijamv -dwt = lja+nV\/§sin wt - dwt =Vy, -cosa

TJa TJa

v6i Vg, 12 4p ra chinh luu diode, biing V,, = % \%

<4.2.5>

Khi L biing v6 cling, dong tai trd nén phing, khong con nhdp nho. Pay la trudng hop hay
dudgc sit dung trong khdo sat 1y thuyét cdc trudng hdp phifc tap hay khi thi€t k&, nhim don gidn
bai toan. Ta goi di€u kién nay 12 gia thuyé&t dong lién tuc hay tai dong lién tuc.

Piéu kién dé dong lién tuc & tdi RL, so do mét pha:

Nhu da khdo sat, dong tdi lién tuc khi
géc din ctia mot SCR la 2n / n ,v6i n 1a s6 0
SCR n6i chung anod (hay catod). D€ tim diéu
kién cho dong tai 12 lién tuc, c6 thé gidi phuong
trinh <3.4.7> d€ tim diéu kién cho géc din biing
2n/2=m: [

Hinh 4.2.5: Xung dong mdt SCR khi o= ¢

—(ot—a)
wt =a+r => io=V7\/§{sin((nt—¢)—sin(oc—¢)-e A'T =0 <34.7%>.

V4§i nhan xét tai mdi thdi di€m, ta ciling ¢ tai ndi v6i udi dién xoay chiéu qua SCR nhu
trudng hop bd bién d6i 4p xoay chiéu ( chuong hai), va két qua nghién cifu clia chuong hai sé ap
dung dudc cho trudng hgp nay: Dong dién tdi sé bit diu lién tuc khi géc a < ¢ (¢ 1a géc tai
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RL). That vay, khi th€ o= ¢ Vi wt = a +x vao <3.4.7%>, ta cé ding thifc.
2. So @6 chinh luu SCR ba xung - hinh 4.2.1.(c):

Hinh 4.2.1.(c) thudng dugc goi 1a so \ Vo ’\
dd hinh tia ba pha, bao gdm ba SCR ndi o
/
wt
Up

chung catod (ciing c6 thé ndi chung anod).
Xung kich cdng cic SCR 1éch 2 n / 3, theo
thit ty xoay pha A, B, C:

Tl > T2-> T3> Tl ...(hinh4.2.6)

DPiém chuyén mach ty nhién hay o =0 \/ Ve Va
ctia cdc SCR chinh Ia di€m ma 4p pha tuong i, N o o
ttng bit ddu cao hon cic pha khic, néu dugc ' ! ! ! ! ! !
kich lic d6 SCR sé& din dién nhu diod va 4p iGT2| | | il | LS
ra sé 12 16n nhat. Xét SCR T1,

—
1A

Lars) | | |TC | |
a=0 &wi=0+k2n v6i 6=1 !
Hinh 4.2.6: Dang dong, ap ra chinh Iuu 3 xung, tai thudn
Truong hop tdi thuan tré: trd.

Gi4 st déng ngudn vao lic wt = 0.

io=0 =>vpo=0vavr;= v—-vo >0, TI dugc phan cyc thuin.

Khi wt = % + o, c6 xung diéu khién, T1 din dién:

vo = va = R.ip , dong tdi c6 cung dang vé6i dp. Gia st o > % nhu trén hinh vé, tai

wt =, dong dp ra bing 0, T1 tit. G6c dan y = T — a —%.

Khi wt = % +o+ 23—“ , T2 c6 xung kich cdng, ndi pha B vao tai. C6 thé nhan xét dang 4p,
dong ra gidng nhu trudng hgp T1 din, nhung chAm pha 2 /3.

Trong chu ky Iu6i 2 m ¢6 3 xung 4p, chi can tich phan 1/ 3 chu ky d€ tinh tri trung binh 4p
ra. C6 thé chia lam hai trudng hdp:

. o < /6 : Ap ludi chua v& khong trude khi kich SCR k& ti€p:
o+ 42T
V, =3 vo-alwif:i 6 3 V\/Esinwtdwt:ﬁVfosoc <4.2.6>
21 J2n 21 Jo 4+ 2n

. o > /6 : Ap ludi vé& khong trudc khi kich SCR k€ tiép:

3 T

T
0 === vo-alwzf:i V\/ESinwt'dwt=ﬂV1+COS(Ot+£) <4.2.7>
2n a+? 2n 6

2 g
o+g

¢ o > 51/ 6 : Ap pha tudng tng khi d6 bé hon khong, SCR khong thé din dién khi
dudgc kich, suy ra pham vi diéu chinh géc kich SCR khi tdi R tir 0 d€n 57/ 6.
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Tri trung binh dong qua tdi c¢6 thé tinh theo tri N | Vo
trung binh 4p ra Vo khi 4p dung nguyén ly xé&p a

Truong hop tdi dong lién tuc:

chong. | i /7{

Cédc SCR thay phién nhau din dong tdi %
T1 = T2 > T3 = Tl ...tuong ng véi géc dan
cho mot SCR 1a 2 =n / 3 khong phu thudc géc
diéu pha. Nhu vay, dang 4p ra khong phu thuoc  lems | | I | L L
tai va tri trung binh dp ra c6 dang <4.2.6>.

‘ . o tars | | il | w
Pham vi thay doi géc di€u khi€n pha a o ! ! ! ! ! !
theo ly thuyét, 1a tr 0 dén m . Tri trung binh 4p  ‘ers | | | LS | [ L
A N 3\/6 A ' 0y Ky 7
ra thay doi tt  Vdo = =-=V dén — Vdo. Hinh 4.2.7: Ap, dong ra sd dé didu khién pha 3 xung,

tai dong lién tuc
3. S¢ dd chinh luu SCR sdu xung tdi dong lién tuc — Mach dong lyc hinh 4.2.1.(d):

Tuong tu nhu chinh lvu diod, hoat ddng clia sd d ciu ba pha diéu khién pha cé thé phan

tich thanh hoat dong clia hai nhém: nhém
duong gdm T1, T2, T3 ndi chung catod va Vs
nhém Am gdm T4, T5, T6 ndi chung anod.

o]\

Pi€m o = 0 ( chyén mach ty nhién ) cda
cic SCR 1a cic di€m bdt didu din dién
clia cac diod cling vi tri. Thit ty diéu khién

cac SCR ciing chinh 1a thi ty xoay pha / o |

TE\ \ 2n w:‘ (a)

lu6i, cac SCR trong cung mot pha l1€ch N
ntta chu ky 1udi:
>TSS T o L L 4w
T6 > T4 > T5 > T6 oy el 4 4w o
Nhu viay khodng ciach xung giira 2 Lars | | | |TC | | | i ﬂ
SCR cung nhém (Tl va T2 )la2n /3, I] H
gitta 2 SCR ndi ti€p (T1vaT6)lan /3,  iore | { { I~ s
xem hinh 4.2.8.(b). E,u'u y fn01~SCR déu ; 0 ﬂ | - | Lo ]
nhian 2 xung: mdt dé bat dau dan ( cé t6 6rs 1o ' ' ! ' ' I wt
dam ) va mot xung phy tir SCR dugc kich ;| | o Ircﬂ | L
ngay sau né ( khong 6 ), € ddm bio mdi . .
Itic ¢6 hai SCR lam viéc. Vo ©)
Véi gid thuy€t dong lién tuc, mdi \ va\ [vao\ Vee\ |veN Ve |ve
l,uc luo? co,m(_)t ,SCR cua\l moi nho/rfl dan, N75N 26V 2622 N 32V 35\
ap ra cua cic nhom v+ va v_ so v4i trung I I IW I I 2TFi
0 wt

tinh luwdéi vé bing nét dAm trén hinh
4.2.8.(a) va 4p ra trén tai s& 14n lugt la Hinh 4.2.8: So d6 cdu 3 pha diéu khién pha: dang 4p cdc
cic 4p day tuong tng vdi cip SCR dang diém trén so do (a), xung kich cac SCR (b), &p ra va cac
dén.- hinh 4.2.8.(c). M3i chu ky Iu6i c6 6 khoang dan cia SCRs (c)
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xung 12 mot phan cda hinh sin.

Tri trung ap ra:

U +2J
v, :%Iﬁvodwt:%ﬁ+: % (vy —vB)dwt:%Vcosoc =Vy, coso <4.2.8>
6 6

véi Vg, la dp ra chinh luu diod.

Véi gidr thuyé&t dong lién tuc, 4p ra thay ddi tif Vdo d€n - Vdo khi géc diéu khién pha o
thay ddi trong khodng 0 —m.

Truong hop tdi thuan tré:

Dong tai ip ¢6 cling dang v6i dp ra vo , va nhu vy khong c6 gid tri &m. Khi o > 1 /3 dp
ra ¢6 doan bing 0 : dong gidn doan . Khi oo > 2 /3 mach khong con hoat dong. Viéc tinh tri trung
binh 4p ra thuc hién tuong ty nhu trudng hdp so d6 ba pha hinh tia, d€ y 4p trén tai 1a nhitng 4p
day tuong ng v6i pha clia SCR dan dién.

IV.3 CAC BAI TOAN CUA CHINH LUU PIEU KHIEN PHA ( SCR ):

1. Bién ludn ch€& do dong dién tdi khi tai RL:

- Dong gidn doan va lién tuc: Vi cdc ngit dién ban din chi 1am nhiém vu déng ngit mach,
mot cdch tong quat:

* Khi cdc SCR din dién (d6ng mach): 4p ra s& c6 dang 4p clia 4p vao, trong cidc by chinh
lIuvu 12 hinh sin.

* Khi SCR khod (ngdt mach): dong qua tdi bing khong, 4p ra sé phu thudc dic tinh tai,
biang 0 n€u tdi RL, bing sitc phan dién khi tdi 12 dong cd, accu hay bing dp trén tu khi tii c6 dién
dung song song.

Nhu vay 4dp trén tdi thay ddi theo trang thai din dién clia cic SCR, phu thudc vao géc diéu
khién pha o va dic tinh phu tdi. Vi bd chinh lvu m xung, bé rong clia mdi xung dong trong mot
chu ky 2r chicé thé < 2%. DA4u biing tuong @ng trudng hgp dong lién tuc , khi d6 SCR k& ti€p

dudc kich khi cdc SCR dang din chua tdt, hay cdc SCR thay phién nhau din dong tdi. DAu nhd
hon cho trudng hgp dong gidn doan — c6 lic dong tdi bing khong. Hinh 4.2.3 va 4.2.4 cho ta
dang dong trong hai trudng hogp.

Ciing c6 thé st dung phu luc 1 clia chudng hai ki€m tra ch€ d6 dong dién cho tii RL. Bé
rong ctia mdi xung dong chinh 14 géc din y clia s6 dd chinh lvu 1 SCR véi luu ¥ géc diéu khién
pha o trong phu luc 1 dugc tinh v6i di€m chuyén mach ty nhién 1a w¢ = 0 . Nhu vay, trong chinh
luu nhiéu pha, di€m chuyé&n mach ty nhién so véi gdc toa do 1éch géc 0, va ta phai st dung géc
o + 0 thay cho a trong khi st dung phu luc 1 nay.

Ciing theo phu luc, c6 thé bién luin ché d6 dong tai b chinh luu tai RL khi tinh todn géc
diny, diéu kién aé dong dién tai lién tuc la:

gécdin y(a+0,0)22%  <43.1>
¢ 12 gbc tai ¢ = tg_l(w%) ,m la s xung.

Véi tdi RLE, moi thif twong ty nhung cdc phuong trinh ¢6 thay ddi, trong céc tai liéu tham
khéo c6 thé tim dugc cdc dd thi d€ tra géc din y 12 mot ham clia géc tai ¢, géc diéu khién pha a,
va hé s6 tuong ng vdi sttc phdn dién E.
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- Trung binh 4p ngd ra khi dong gidn doan va lién tuc: PE ¥ v6i s6 @6 diéu khi€n pha, dp

ngudn 12 hinh sin ¢6 dang xoay chiéu. Khi 4p gidm dan dén gid tri Am, dong qua SCR gidm vé

khong néu khong c¢6 SCR k& ti€p dugc kich d€ dp dit vao tai ti€p tuc duong. Nhu di khdo sit,

ning luong tich trif trong tu cAm L ctia tdi RL gitip kéo dai xung dong, 1am ting phan cé gid tri Am

clia 4p ngd ra. K&t qua 1a khi xung dong kéo dai, tri trung binh 4p ra gidm, dat gid tri 6n dinh khi
dong lién tuc.

- Biéu thifc tong quat d€ tinh gid tri trung binh 4p ngd ra khi dong lién tuc: Nhu vy & ché
dd dong lién tuc, dang dp ra khong phu thudc tai vi chi bao gdm nhitng xung hinh sin, 13 cdc dp
ludi ciia SCR din. T d6, c6 thé tinh dugc bi€u thifc tdng quét clia chinh lwu m xung hinh tia
dugc ndi vao nguén m pha:

Vo =Vgocosa, Vg, = ma2 sin =V <4.3.2>

T m

Vdo 1a 4p ra chinh luu diod ciing s6 do, V 1a tri hiéu dung 4p pha.

Véi nhan xét & s dd cAu, mdi liic s& c6 hai chinh luu din dién va 4p ra khi d6 chinh 1 4p
day, <4.3.2> c6 thé diing cho c4 s dd cAu v6i m biing hai 1an s pha va V 1a 4p day.

- So sdnh tri s& trung binh 4p ngd rad cdc ch€ d6 dong tdi khdc nhau: Trudng hgp tdi R va
tdi dong lién tuc 12 hai trudng hop gidi han, thudng dudc st dung trong thi€t k€&, khi khong rd dic
tinh tdi hay khi cin tinh to4n gin diing.

Hinh 4.3.1 cho ta quan hé trung binh 4p ra Vy cia chinh
luu cAdu mdt pha theo géc diéu khién pha a véi tdi R, RL vdi dong
gidn doan va dong lién tuc. (Pic tinh Vy(a) tadi RL v6i dong gidn
doan dudc vé & day chi 12 mdt trudng hdp tiéu bi€u, mot cich
tdng quit né 1a mot dudng cong niim giita dic tinh tdi R va dong

A T o
lién tuc). 2_ \%
- Gia thuy€&t dong t3i phing, lién tuc : Khi L ting, su nhap dong

nhd cla dong tdi gidm di, vd khong con khi L bing vo clung.

- > lién tuc
Trudng hgp tdi c6 L bing vO cung cdn goi 1a gia thuyét dong tai

ph{;ng, lién tuc lam cho cdc tinh todn dong dién tr§ nén don

gidn, dugc dung trong thi€t k€ hay khdo sit cdc trudng hgp phiic  Hinh 4.3.1: quan hé vo(o) Vi

tap. cac loai tai khac nhau. Vdo:
trung binh ap ra chinh luu diod.

2. Tinh tri trung binh dong dién tai :

Tri trung binh dong tdi thudng tinh theo tri trung binh 4p ra khi 4p dung nguyén 1y x&p
chdng cic thanh phan Fourier clia 4p ra 1én tdi. Thanh phin mot chiéu cla dong tdi 12 do thanh
phan mdt chiéu clia 4p trén tdi tao ra, cong thitc <4.3.2> ¢ gid tri cho tat cd cdc so do chinh luu
tdi RL.

V,-E

i <4.3.3>

I, - % <4.3.2> hay khi tii RLE : I, =

Ciing c6 thé sit dung phu luc 1 cda chuong 2 d€ tinh gid tri trung binh cda dong tai, tir d6
suy ra gid tri trung binh 4p ngd ra, khong can tich phan.

3.Dong dién qua SCR va bién 4ap dau vao:
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Dé€ khio sit dong dién qua cdc phan tif mach dién, ngudi ta thudng ding gid thuyé&t dong
tdi phing, lién tuc nhim don gidn cdc tinh todn. Vi cling phudng phdp, cic dang dong thuc t&
ciing c6 thé dudc phan tich vdi khdi luong tinh todn 16n hon.

Hinh 4.3.2.(b) trinh bay c4c dang dong dién qua cdc phan tf cda bd chinh luu cau ba pha
vdi tai dong lién tuc, phing. Nhu di khio st trong cdc muc trudc cla chuong, mbi SCR din dién
1/3 chu ky (ghi bing cdc chi s6 tir 1 — 6). Dong dién cudn day thit ciAp bi€n 4p gdm dong qua céc
SCR ctia pha tudng ng, vi du iy = i1 — i4 khi quy u6c dong qua SCR chay tlr anod sang catod.
Dong qua cudn so cap ti 1& vdi dong thit cAp theo ti s6 bién 4p K. Ta c6:

Tri trung binh I,y va hiéu dung Igms dong qua SCR :

21
I 1 (3 (7 \2 I
I, = —I I, dwt =-2 <324>1 J I,)) dwt =% <4.3.4>
av RMS = \/ 21 ) ( 0) NG
o, S 2w o
T T2| T3
1 2 3 1 3
v i : : : i :

o wt
Io

’ v

v ‘VE
Q

— el
)]
(@)}

a
N
)
(@)
P
N

X K 2K : | : — ot

— T4 75 16 T 2n

(a’) (b) 1 1 ] 1 1 ]
Hinh 4.3.2 | 4 |2x Wt

Tri hiéu dung dong qua cudn thit cAp bi€n 4p, tinh cho pha a :

Ip = |- I (iy ) dwt—\/l 2“' Ydwt =I,2/3 <4.3.5>

21 Jon

K&t qua nay cé dugc khi d€ y tich phan trong ddu cin s& gip ddi so véi tich phin tuong
trng cia dong hiéu dung qua SCR.

Dong dién qua cudn so cip Iar bi€n dp ti 1€ vdi dong cudn thit cip I,g qua ti s6 bi€n 4p K
clia dp th cap / 4p sd cap:

Ipap =K.I,g v6i K = “//—a <4.3.6> ; V, va Vy Ia tri hiéu dung 4p pha thi va sd cip
A

bi€n 4p =>  Cong suat bi€u ki€n ctia bi€n dp: S = 3. (Volug + Valar)/2 = 3.Val g

th€ quan hé 4p pha thit cap V, va dpra Vo <4.3.6> va cédc quan hé dong dién dong tdi va
dong qua bi€n 4p, ta c6 cong suit bi€u ki€n bi€n dp:

3.2.n N
S=|——" 32 \VI = —V, I, <4.3.7> V6i so do nay, day cling 1a con
{%/gcosoc\/;} e 3cosa Y, a4y 5 g
sudt bi€u ki&n clia by chinh Iuu, suy ra hé sd cong suat: HSCS =3.coso/n <4.3.8>
Bai tap: Tinh tri hiéu dung clia séng hai bic 1 clia dong ngudn, suy ra hé sd cong suit clia
bd chinh lvu diéu khi€n pha.
P& don gidn cic bi€u thiic, ta gid sif ti s6 bién 4p bing 1, bién d6 dong ngudn sé 1a Ip va
dang dong pha A dugc v€ lai trén hinh 4.3.2 (¢). Tinh gid tri hi€u dung I,z cla iy khi st dung truc

Trang 13 / Chinh luu diéu khién pha © Huynh Vian Kiém



Hoc ki 2 nam hoc 2004-2005

tung 12 truc d6i xitng clia dang dong:

—iﬂfl coswt.dwt &
1R 7[\/5 ) (0N .

2\/5 . T \/6 I
——sin—=

I

Ip=1I, 107 Q ZA
S o k T1 \TC . wt
khi tich phan % dang séng, hé s& V2 xuit oz r\ T4 /' ]
hién do tinh gi4 tri hiéu dung. 6 2n

Cong suit tdc dung cla by chinh luu
tiéu thu tr nguén AC:

P,=3V.I,.cosa, =3V, ﬁ.cosa

T Hinh 4.3.2.c: Dang dong va ap pha A

vi theo hinh 4.3.2.c, géc 1énh pha gita 4p va dong mdi pha 1a %—a +7TT/3 =a

J6
P, 3.V.IO7.cosa _3.cosa

3VI, Wi, \E w

C6 thé nhan xét 1a HSCS ciia mach khong thé bing 1 ngay ca khi chinh lvu diod (dong-dp
cung pha) vi dong qua mach khong hinh sin. Mot nhan xét khéc 1a gid thuy&t ti s6 bi€n 4p k bing
1 khong 4nh hudng d€n HSCS vi ca I va Ig; déu c6 k.

Suy ra HSCS ctia mach bing: HSCS =

4. Bié€n 4p ctia bd chinh luu: I

Bi€n 4p c6 2 nhiém vu trong so do
chinh luu: Thay d6i dién 4p cho thich hdp véi

tdm hoat dong clia BBP va céch ly dién ludi T PAL
— ti nhim d3m bdo an toan trong mot s§ |0 | |
trudng hgp. 21,

Thong s6 bién 4p gdm cé: 4p, dong 3Tc e
cdc cudn ddy so thi va cong sudt bi€u ki€n [, 7 I I
Sga. Sga cho phép dinh gida dd 16n cia bi€n TO

4p va hé sd st dung (hay do hiéu qud st i ) o L,
dung) bi&n 4p khi so sdnh v6i cong suat bifu Hinh 4.3.3: Dang dong thi va sd cap bién ap ndi YY
ki€n S ciia ngudn AC. O trudng hdp 1y tudng, dung cho chinh luu tia 3 pha.

tf s6 nay bing 1.

Hoat dong clia bi€n 4p trd nén xau di khi tir trudng 16i thép c¢é thanh phin 1 chiéu nhu
trudng hdp chinh Ivu 1 SCR hay & so db tia 3 pha vdi bi€n 4p thong thudng ndi YY hay YA. Khi
d6: - Sic tir dong clia mach tir khdng bing khong nhu ta van gid thuyét (bi€n 4p ndi YY).

- Loi thép bi tir hda khong d6i xitng (bi€n dp ndi YA)

K&t qua 1a dong tir hda ting cao, 18i thép c6 thé bi phat néng do bao hoda tir cuc bo .

5. Su chuyén mach ciia SCR trong chinh hru diéu khién pha:
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O ch€ d6 dong lién tuc, mot SCR khi dugc kich s& 1am tdt mot SCR dang din. Ta néi 1a ¢6

hién twong chuyén mach. Trong cdc phan trudc, ta cho 1a sy chuyén mach khong cé thdi gian,

dién ra tifc thdi. Thuc t& ludn ludn ¢ ty cdm ndi ti€p cdc chinh luu, c6 thé 1a ty cdm clia dudng

day hay clia bi€n 4p cAp dién va nhu vy dong qua chinh Ivu khong thay d6i tic thdi. C6 khodng

thdi gian hai chinh luu cling 1am viéc. Vi vay, hién tugng chuyén mach con goi 12 su tring din
gitta 2 hay nhiéu hon chinh luu ndi chung anod hay catod.

—
La i1 Vi

01: T1 :
I
VE=2Vsin U
v2 La 2 19 n
ﬁ
: (a) V2

v, = V2 sinwt

<

Gidn db vectd dién 4p

<4.3.9>
v, = V2 sin (wt - 22)
Hinh 4.3.4.(a) cho ta mach dién d€ khao a1t
sat sy chuyén mach trong hé m pha hinh tia, I v
o
gitta SCR 1 cia pha 1 va SCR 2 cta pha 2. Khi v, Y
kich T2, T1 dang dan dong ti lo, gid sit khong
. < . 2 2 2 g IO
doi trong thoi gian khao sat. Ta ¢ sy chuyén \T
mach dong tdi tor T1 sang T2, va ¢6 cac phudng / T1 2\
trinh: kich T2 wt
(b)
Hinh 4.3.4: Ap ra khi c6 chuyén mach (trung dn).
[-ivim3_ 9, % _pdb_ 5y db
dt dt dt dt dt
véi v, = Vk\/zsinwt, V, = 2VsinZ
m
diéukiénbanddu: 4| =1I;i| =0 <4.3.10>

khi chon lai g&c toa @6 1a di€m chuyén mach ty nhién

di, v +v,
suyra:v, =v, - L, — =——=

dt 2
trong d6 vp, dugc goila dp ngdn mach. Nhu vy, sy chuyén mach 1am cho ngé ra bi sut ap

mot lugng :
a+u . 0
AU, = 1, 9 gt = [wL, di XL % _wI, <4315
27 dt 27 s 2z

Gidi <4.3.10> d€ tm ig , dung diéu kién khi ot = a + p thi ig = I, ta ¢6 phuong trinh
x4c dinh géc chuyén mach p:

1

i =—[—v,dt véididukién ddui,|,_ =0
2L suy ra cosa — cos(a + p) = 2L 43005
R ANG) J2v, -
=i, = [coswt —cosa]
2wL

a

va géc chuyén mach (tring dAn) p — tuong ng thdi gian c6 cac SCR cung dan dién.
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vdi V}, 12 hiéu dung 4p day giita hai pha tham gia chuyé&n mach.

5. Chinh Luu tdi RLE va ché& do nghich luu:

] I
5—p2 =2 v
TI| T2 R i
z$ z£ - R ,
o l T O -
R _
T3 T4 E N E |
z$ £
B & ha o
(a) (b) (¢
Hinh 4.3.5 (a) Chinh Iuu cdu mgt pha tdi RLE. (b) mach tudng (c ) dang dong, ap ra khi dong
duong d/v thanh phan mot chiéu khi Vo, E < 0. gian doan

Trong trudng hgp tdi ¢6 sic phdn dién E nhu hinh 4.3.5(a), khi dong tdi io bing khong, dp
ravo b?lng E. Khi T1, T4 dugc kich, 4p ra vpo = v, pt vi phdn mo td mach dién la:

v, =v = Ri, + L%’ + E v6ididukién diu io| g =0 <4.3.13>

Phuong trinh nay 13 co s& d€ tinh biéu thitc dong ra ip va tir d6 bién luan cic ché€ do hoat
dong clia bd bi€n ddi tuong ty nhu da thure hién véi tai RL:

Néu E > 0, stc dién dong nay xung doi vdi 4p ra vo, 1am dong dién mau vé khong, ndi
rong viing dong gidn doan. E > 0 ciing tao ra khd ning SCR khong thé din dién khi dugc kich
néu lic d6 E 16n hon 4p nguén v .

Nhu da khdo sit & 4.1, § so d6 chinh luu diod hai xung khi tdi c6 E, géc kich SCR s& nim

trong khodng a.,,;, = sin_l(Lj dén m- ot iy -

J2v
Tri trung binh 4p ra Vo khong thay d6i khi dong lién tuc va ting 1én (E > 0) so v6i tdi RL
khi dong gidn doan, vi 4p ra vo sé bing E khi dong bing 0 . Khi 4p dung nguyén 1y x&p chdng,
mach dién ddi véi thanh phﬁn mot chiéu — hinh 4.3.5.(b) — cho ta:

Io=(Vo-E)/ R <4.3.14>

Khi t3i c6 sifc phan dién, c6 thé cé hién tugng v

nghich lvu. Hién tugng nay xdy rakhi Vo, E <0 va T )

Vol < | E|(hinh 4.3.6). Khi d6 vAn c¢6 dong Io > 0, Lo B@t
2
A

ap ra bo chinh luvu va stc dién dong tai ddi dau, tai ' P /\ '

tr§ nén cung cip va bo bi€n ddi s& nhan ning lugng
vi bi€u thiic cong suat da ddi dau (hinh 4.3.5.b):

L \/
P=V, 1, < 0ngudc v4i trudng hgp K/

tai thu dong (nhu R), twong rng véi HSCS < 0.

Hinh 4.3.6

C6 thé chitng minh dugc 12 bd bi€n ddi chuyén dugc ning lugng nay vé ludi khi tinh tich
phin cong suit ra.
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Tém tit diéu kién xay ra nghich luu:
- T4i c6 stc phdn dién E < 0 (cling chiéu véi dong dién).
- Trung binh dpra V,<0va |V,| < |E|.

Géc nghich luu an toan:

Khi o ting, ap ra bo chinh Iuu Vo gidm, sau d6 nhd hon zero. Khi o gin 180° , c¢6 thé
x4y ra hién tugng dot bi€n nghich luu. Hién twgng nay xut hién khi cdc SCR chuyén mach that
bai: SCR dugc kich khong chuyén sang trang thdi din dién dugc va SCR dang din ti€p tuc din
dién ban ky k€ ti€p. Ap ra vo dang 4m trd nén duong, dong dién dot ngdt ting 1én rat cao goi la
dot bi€n nghich luu. G6c nghich luu B dude dinh nghid bing n — o . Géc nghich luu an toan 1a gid
tri B t0i thi€u d€ khong x4y ra dot bi€n nghich lwu. Xét trusng hgp T2, T3 dang din dién trén hinh
3.19, véi nhan xét 1a dp — v s& duong khi wt > 7, géc nghich luu an toan bing 0° trong trudng
hgp cdc SCR 1y tudng, c6 chuyén mach tic thai. Trong thuc t&, sau khi dugc kich, ta mat mot géc
1 cho chuyén mach (cdc SCR triing din) va géc w.torr tuong ng thdi gian topr dé SCR bi tit
phuc hdi kh3 ning khéa, nhu vdy géc nghich luu an toan B sé bing p + w.torr.

6. Song hai 4p va dong ngo ra:

Nhu ta d bi€t chinh Ivu m xung cho ra dién 4p mot chi€u nhap nhdé m 1an trong mdt chu
ky 1u6i dién. Khi khai tri€n Fourier, tin hiéu c6 chu ky nay gébm c6:

- Thanh phan mot chiéu hay trung binh, 1a phin hitu dung hay mong mudn.

- Céc thanh phan hinh sin ¢6 tin s6 k.m.w, con goi 12 séng hai bic n, n = km; véi k 1a s6
nguyén, w 1a tin s6 1u6i dién tinh biing rad/s. Thanh phan nay khong nhitng khong hitu ich vdi tai
mot chi€u, ma con giy ra céc tdc dung khdng mong mudn nhu: 1am ting gid tri hiéu dung clia
dong dién, dAn dén ting phat néng; ddi véi dong co mot chiéu con tao ra mé men phu giy rung.

Khi dong tai lién tuc, tri hi€éu dung Vg, cla séng hai bic n cia dién dp ra bing:

VR,,=('13+;)”singVJ1+(n2—1)sin2a <4.3.15> b

Biéu thifc nay c6 dugc khi ta khai trién Fourier cda dang 4p ra cho

céc song hai bac cao. @
Trong d6, Vg, 1a tri trung binh 4p ra chinh Iuu diod ciing so dd. \%

n R

n jnwL

Ciing nhu tinh todn v6i thanh phan mot chiéu cda dién 4p, ta c6

x
X

thé tim ra cdc thanh phian séng hai dong dién bac n khi gidi mach dién
tudng duong bd chinh luu tdi RLE cho cdc séng hai dién dp (hinh 4.3.7): Hinh 4.3.7:

Tpy = VR, [NR? + (nwl)? <43.16

Theo tinh chit clia cdc thanh phan Fourier, tri hiéu dung clia dong dién Ia:

Ig = \/(10)2 + znlin VGi Ip 1a tri trung binh cia dong dién.

VE, I3, dudc goi 12 hiéu dung tdng cdc séng hai, bi€u thi d6 nhap nho (khong
phing) cla dong dién.
Chi s6 n dudc tinh tit m dén o . Trong thuc t€, vi nwL va Vg, gidm nhanh theo n , ngudi
ta chi tinh todn vdi vai séng hai dautién (k=1 .. 3).
Ngoai viéc loc ngd ra, mot bién phap rat hitu hiéu dé€ gidm séng hai dong, 4p ngd ra la
ting s xung cla 4p ngd ra, c6 hai céch:
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- Ting s6 pha: Tir hé 3 pha, ta c6 thé tao ra 6, 12, 24
pha bing cich ndi ti€p cdc cudn diy thit cAp (c6 dién 4p
thich hgp) clia bi€p 4p 3 pha c¢é nhi€u cudn thit cip trén 1
pha. Hinh 4.3.8 trinh bay cach thuc hi€n 12 pha tir 6 pha A,
B, C, -A, -B, -C (chi vé pha 1 va pha 12). Pha 1 dudc té'ng
hgp tir pha A va — C v4i ti 1€ thich hgp.

Gé6c Aol = 152, 0A1 = 120° clia tam gidc oAl cho ta:
oo Al 0A
sin120 sinl5 sin45

Suy ra di€én 4p cdc cudn day oA, Al theo dpra ol. Hinh 4.3.8:

Phuong 4n ndy con c¢6 uvu di€m la thich hdp voi cong suit 16n. Nhuge diém 12 bi€n dp c6
cong suit biéu kién ting cao (twong tng hé s& st dung bién dp thap) do gid tri hiéu dung dong
dién qua cudn day ting khi géc din cia mdt chinh luu gidm vi s6 xung m ting.

- N&i n6i ti€p va/hay song song cic bo chinh luu c¢6 ngudn léch pha. PAy 1a phuong 4p
hiéu qua hon ddi vdi ca ba: nguén, BBD va ngd ra. Noi dung s& dudc trinh bay trong phan sau.

Vi du: Cho bé chinh luu ba pha cdu tdi R c6 loc LC ngé ra hinh 4.3.9.(a), dp nguon cé hiéu
dung 100 volt (dp pha), tén s6 50 Hz. Géc PK pha a = 60° , tdi R 100 ohm. Mach loc LC béng bao
nhiéu dé bién do nhdp nhé dp ra ( dinh — dinh) bang 10 volt?

Cdc gid thiét dé don gidn tinh todn:

- Sau khi qua mdc loc LC, cdc séng hai bdc I6n hon co bdn (k = 1, tng vdi tan s6 nhdp nho
ngé ra 6 xung, bang 300 Hz) la khong ddng ké. Nhu vdy chi can khdo sdt séng hai co ban.

- Dong qua by chinh luu la lién tuc dé co thé dp dung <4.3.15>.

Hinh 4.3.9: (a) la mach dong luc trong do vo la dp ra bo chinh luu, ve la dp ngd ra bo loc
LC; (b) la mach tuong d/v hai co bdn, vy la séng hai co ban - bdc k = 1 ciia dp ra bé chinh luu, veg
la séng hai bdc k = 1 cia dp qua tu C — theo gid thiét trén ciing chinh la dp ngé ra mach loc; (c)
la cdc dang song trong mach trong do Vo la trung binh dp ra chinh luu.

| U AN
L jnwL vo
_ vé Vo
&U_Z~{ \I/ C=T< Rr Ko, 9 -~ R 1 F Vg
&— Y 1/jnwC
L
Hinh 4.3.9: (a) (b) (c)
. Vdo=2Lgin(£)V =£2 5in(£).100 = 2.34-100 =234 v
Ta co

tinh <4.3.15> n=650=60=V, =489 v
(l/]an)//R | 1

1/ jnwC)// R + jnwL| \/(1 " szC) + (o

Yéu cdu ciia ddu bai la bién do nhdp nhé dp ra ( dinh — dinh) bing 10 volt, suy ra tri sé
hiéu dung séng hai co bdan qua dién dung Cla Vo =10/(2- \/5) =3.53v.

Hinh 4.3.9.b cho ta: Vai :|
i |
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Phuong trinh trén cho phép tinh todn gid tri Lva C. Vi chi c6 mdt phuong trinh cho hai dn
s0, cdn phdt biéu thém mét dieu kién cho L va C trude khi gidi.

Dé y: \/(1 —n2w2L0)2 +(”w%)2 ~n?w?LC vi tén s6 trong mach sé khd 1én so vdi tan
56 cong huong ciia LC (mach loc chi cho tan sé thdp qua),
Voo 353 1 48.9

= v~—5——=LC= . ~=3.90E -6
Vi 489 n*w’LC 3.53-6-(100n)

C6 nhiéu phwong dn dé chon LC, & ddy chon C = 100 uF suy ra L = 0.039 H. Gid tri LC
nhu vay cé thé thuc hién dé dang trong thicc té.

Kiém tra lai:
¢ phan tinh todn : nwL /R = 6*1007%0.039/100 = 0.74 << (1 — n*w’LC) = - 12.86
¢ Khdo sdt song hai bdc lon hon co bdan, voi k = 2 :
tinh<3.32> v6i V;, =234 ;n=k-m=12; a=60=V, =238 v va

v, 238
\/(1—122-(100n)2-3.9-10_6 i (2100g, P 37
k =2 la khéng ddng ké so véi thanh phdn co ban bdc k = 1, diing nhu gid thiét.

Voo = =0.63 volt. Vay soéng hai bdc

¢ Kiém tra dong lién tuc: Céng thitc <4.3.15> chi diing trong truong hgp dong lién tuc, dé
dam bdo két qud can phdi kiém tra sy lién tuc ciia dong dién. Tuy nhién, gidi tich mach dién chinh
Iuu dieu khién pha tdi RLC trong diéu kién dong gidn doan rdt phiic tap va thuong khdng can thuc
hién khi thiét ké vi khi dong bdng khong, dp ra sé bing dp trén tu — I6n hon dp ludi trong khodng
nay (chinh la dp ra ngd ra khi dong lién tuc). Nhu vdy nhdp nhé dp trén tdi khi dong gidn doan sé
bé hon tinh todn dva vao gid thuyét dong lién tuc.

7. Pic tinh ngoai bd chinh luu:
Dinh nghia dac tinh ngoai: V, =1 ({,). C6 cac dic
tinh:

- Apra gidm khi I, ting Vi cdc sut 4p: chuyén mach,

qua chinh luu, dién tré day din va bi€n 4p (néu co). o
vung dong lién tuc

- Khi dong tai lién tuc, dp ra bd chinh luu khong phu
thudc tai nén 4p ra 6n dinh, sut 4p theo tai it hon. 0

- Khi dong gidn doan khong c6 sut 4p do chuyén

S LA LA AL A A A Hinh 4.3.10
mach, va khong c6 phan di€n dp 4m nén 4p ra cao hon.

- Khi tdi c6 sitc phdn dién E, do (sult) sut 4p ting cao trong viing dong gidn doan vi khi d6
E ciing 1a m6t bo phédn tao ra dién dp ngo ra.

Tinh pham vi diéu chinh géc PKP o khi cho truéc pham vi thay doi phu tdi:

Goi Egp 12 4p ra BBP 1y twdng, chi phu thudc o va 4p ngudn.

Epp = E + ZAV , trong @6 E la stic dién dong tai, ZAV bao gdm tit ci sut 4p c6 thé c6.
Téng quat, Egp va E ¢6 thé > 0 hay < 0 trong khi ludn c6 LAV > 0. Do d6 khi thié€t k& c6 thé chon
Omin theo Epax + ZAV (véi Epax > 0) d€ ddm bdo cdc sut d4p khi dong max va oyp,x theo

Enin < O trong chiéu nghich Iuu khi tinh d&€n trudng hgp dong bing 0. oypax cAn phai ki€m tra
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thém géc nghich luu an toan: oypax < —P.

IV.4 NOI SONG SONG VA NOI TIEP CHINH LUU:

. A 1o HINH LUU 1
1. Noi song song by chinh luu: CHINH LUU Io
R Y . M—H
bicu kién thong thudng dé noi I, Tai
song song hai bo chinh luu 1a: ; ﬁ 2 _ at
: Lad
- hai b6 chinh lvu gidng nhau. | g, E;WH
Z — Y Y\
- luén ludén c6 4p trung binh A
ngd ra biang nhau. E i 2

Khi d6 dong trung binh qua
mdi bo chinh luu 1a %2 dong trung binh
tai.

CHINH LUU 2
Hinh 4.4.1

Dé€ cai thién chat lugng BBP, hai b chinh lvu s& 1am viéc 1éch pha nhau (nhu hai ciu 3
pha trén hinh 4.4.1 1a n/6) d€ nhap nho 4p trén tii c6 bién dd gidm, tan s6 ting gdp doi so v6i
nhiAp nhd 4p ra cia mdt bd chinh luu (1A m = 12 so v6i m = 6 clia cAu ba pha). Cudn khang cin
bing can dugc thém vao dé roi phan 4p chénh 1énh clia hai bd chinh luu.

Ciing nhd sy 1éch pha nay ma dong ngudn (1a sy x&p chdng — cong — dong quahai bd chinh
luu) s€ c6 it song hai bac cao hon khi lam viéc thong thudng.

Ta rat hay gip bd chinh luu 6 pha ¢6 khang cin bing diéu khién pha. So dd chinh Iuu 6
pha c6 khdng cin bing diéu khi€n pha c6 dugc khi thay cac D trong hinh 4.1.6 biing SCR.

Hinh v& 4.4.2 bén 1dy 4p vARB lam gbc \’\< ’\vm
a

Voz
pha, qua dé c6 thé thay 1a
vy (W) =v,, (wE—7)<4.4.1>,  cing \
dang. A WARR N /

Trung binh 4p ra giéng nhu chinh luu 3

pha tia, 1a <.4.2.6> khi gia st dong lién tuc. \/ {ea Vap Upc
2 .. A . ’ A A 7 L LAY LS
bé tinh gin dung dp trén cudn khing | I I I I I I 1
cAn bing, ta tim cdc thanh phan Fourier clia Lara| | | ] | T
A4 | 1 1 1 1 | |
di€n ap: .
L ol
k=1,tan sé 3w :
Hinh 4.4.2

v, (3wt) =v,, (3wt —37) = —v,, (3wt)

va <4.4.1>cho ta v = Vo1 - Vo2 = 2 vo1(3wt) <4.4.2>. Suy ra hiéu dung thanh phin tan
s6 3w cla dp qua cudn khang gap doi séng hai bac 3 4p ra chinh Ivu tinh theo <4.3.16>

tuong tu, khi k = 2, ¢c6 thé CM thanh phan tn s6 6w 4p trén cudn khang biing 0. C4c thanh
phan tan s& cao hon c6 thé bd qua. Trong mdt s6 tai liéu, ngudi ta tich phan tri hiéu dung dp trén
cudn khang tir <4.4.2> @€ 1am 4p trén cudn khdng va thi€t k& véi tin s6 3 w.

Khdng cin bing thuc ra 12 mot bi€n 4p tu ngiu vi khong c6 tir trudng mot chiéu (thanh
phan trung binh clia dong tai qua 2 cudn day khi¥ 1an nhau), néu goi iy 1a dong tir hoa, cAn c6 diéu

kién sau d€ ca hai bo chinh luu ludn c6 dong (¢dm bao hai chinh Iuu ludn lam viéc):
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ol

I I . .
i :?”—i#>0 hay ?"Zlm vc’jllﬂm l1a bién d6 dong tur hda.

Né&u ty cdm Lt cudn diay bé, cin tinh gi tri tdi thi€u d€ han ché dong tir héa theo cong

22V

thie: 21, - @ Qg Qur=""""(1-c05 %) trong 86 [y la dome té 15 thidu,
T omin

Qv 1a tich phan xung (bdn ky) 4p trén cudn khang cin bing. ( Xem tai liéu PTCS — TS Nguyén

vin Nhd, NXB PHQG 2002, 4p dung vio trudng hdp cu thé)

2. N&i ndi ti€p bo chinh luu:

Khéc véi song song hai bo chinh CHINH LUU 1
luu, viéc ndi ti€p hai by chinh lvu chi 5 &

cin ChlflI}g c6 cung kha nénig din d(\)n\g, { EEE 49‘\7 U1 U Tai
ta c6 thé xay dung mot chi€n lugc dieu 5
khié€n 4p ra cda tirng bo chinh luu d€ c6 | - EE%

k&t qui tdng cdng 1a t6t nhat, vi du nhu

mot bd chinh luu c6 thé dung diod @ % U9
(khong diéu khién) khi pham vi chinh 4p

ra bé, twong ng vdi diéu khi€n bo chinh

Iu SCR con lai (hinh 4.4.3). CHINH LUU 2
Hinh 44.3:  vo = vor + Voo

Ngudn

Viéc st dung 4p ngudn 1éch pha

cung cip cho hai b chinh c6 tic dung 1am ting tin s, gidm bién @6 nhap nhd ngd ra ciing nhu
gidm nhap nhd dong ngudn, 1a tdng cla dong qua hai bo chinh Iuu.

Mot vi du kha quen thudc ctia ndi ti€p hai bd chinh lvu 13 cdu 3 pha c6 thé xem 13 ndi ti€p
hai b chinh luvu 3 pha hinh tia.

IV.5 CHINH LUU H6N HQP SCR VA DIOD:

1. Céc s¢ do:

Viéc sit dung hdn hgp SCR va diod trong ciing sd d6 chinh lvu khong thay d8i kha ning co
ban clia chinh lvu diéu khién pha 1a diéu khi€n dudc 4p ra, né c6 thém uu diém 1a lam don gidn
sd dd dong luc va diéu khién, va thudng dugc st dung trong cic hé thong cong suit trung binh va
nhd v6i yéu cau chat lugng khdng cao.

i l O\, 8
I - 2 T T2f T3
D2 A KKK
2 ! £ =
| U
v - v o &
X o % 3 C & Df
N 7 i KX & 2~
D3 | D4 . z D4 D4 |D5 | D6 I
(a) (b) (©) Hinh 4.5.1

Hinh 4.5.1 trinh bay 3 s6 dd chinh lvu ciAu hén hgp thudng gip: mot pha va ba pha.
2. Khao st s¢ @6 chinh luvu mot pha (hinh 4.5.1.a va .b) tai RL:

Sd @b hinh 4.5.1.a ¢6 diod phéng dién Df . Df thudng dugc st dung khi tai 1a cudn day dé
tao ra dudng phéng cho dong dién qua cdc cudn day khi ngit ngudn, tranh qué dién 4p trong mach
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dién c6 cdm khing khi dong dién gidm vé khong dot ngot.

Xét chu ky 1am viéc diu tién. Tai wt = a, kich T1: T1 va D4 din, 4p ra v bing 4p vao v
nhu cdc sd d6 cAu 1 pha khic.

Tai wt = ©, v bit dau 4m. Df din dién vi dugc phén cuc thuin: vp = 0, dong dién tai khép
mach qua Df, dong qua cau chinh Iuvu bing khong, SCR tit. Dong dién qua tii cudn day lic dé
suy gidm theo hAm mii cho d&n khi wt = nt + o, SCR T2 ¢6 xung kich khdi, chinh Ivu ban ky k€.

Nhu vy vo ¢6 dang ctia dp ra tai dién trd (hinh 4.5.2.a) ngay khi tai la RL. Tri trung binh
ap ra tinh theo <4.2.1>

= VT‘E[COS o+ 1]

Hinh 4.5.2.b chi ra cdc khodng din dién clia cdc linh kién trong mot chu ky tya xdc lap
(khi dong dién thay d6i c6 chu ky) ciia sd @6 hinh 4.5.1.a c¢6 diod phéng dién Df.

Trong trudng hgp so dd hinh 4.5.1.a khong c6 diod phéng dién Df: dang 4p, dong ngd ra

V.

o

khong thay d6i. Tai wt = n, D3 s& din dién v6i T1 trong khodng din ctia Df va nhu vy, 4p ra vo
van bing 0 (d€ chitng minh, c6 thé gid sit D4 ti€p tuc din dién => D3 phan cyc thuin, trd nén din
dién lam D4 tdt). Tuong ty, & cudi ban ky 4m, D4 dan dién v6i T1 trong khodng din ctia Df.

V&i sd dd hinh 4.5.1.b, khi ho4n ddi vi tri cic
chinh Ivu, 4p ra khong thay ddi nhung khoidng din Vo
ctia cdc chinh lu'l’.l thay ddi. D2 va D4 déng vai trd @l|/?
ctia Df . Phin b6 dong qua cédc chinh luu v€ & hinh SCR A D SCR Df
4.5.2.c. 27

Sd d6 hinh 4.5.1.a thudng dudc ding véi Df
khi cAn mach diéu khi€n don gidn — cho phép mach
diéu khi\é?n ¢6 di€m chung V(’ji\mach dong luc, trong ) |Lf_ 71, D4 | DF T2, D3
khi sd do hinh 4.5.1.b khong can dung Df véi tai RL. T
Nhung kh~i d(’),/ cac SC\R lai khong thé {lﬁ/i ch:mg (¢)P2.DZ[_T1.D4 |p2.D3[ D2, T3
Kathod, dan dén yéu cau cdch ly mach di€u khién —
dong luc.

Hinh 4.5.2 dang 4p, dong cla chinh luu
cdu hon hgp SCR Diod (DK khong toan phén)

C6 thé t6ng quit héa k&t qua khio sit so dd mot pha: C6 thé diéu khién pha biing cich si
dung Diod va SCR trong sd d6 cAu. Vi dong dién phai qua hai chinh luu trong sd dd cAu nén c6
thé diéu khi€n mot chinh luu dé thay ddi 4p ra. Diod sé& tu dong dan dién khi phan cyc thuan lam
cho 4p ra khong thé am.

Vi du: Cho by chinh luu mdt pha hdn hop hinh 4.5.1.a c¢é diod phéng dién. Ap nguon
220 VAC. Tdi RL, R = 10 ohm, L dii I6n dé c6 thé xem dong tdi la phdng. Tinh tri trung binh dong
qua SCR, Diod ¢ géc PK pha o= 45 °.
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Bai gidng tom tat Dién tir cong suat 1

Trung binh dp ra: <3.14> cho ta:
v
Vo = 0.45%220%(1 + cos 45) = 169 volt ! i =1
Trung binh dong ra: o = 169/10 = 16.9 A or| 71 D4 \ pr| T2 D3
Theo hinh 4.5.3, tri trung binh dong qua 0 N 270 ;
SCR, Diod so do chinh luu: aEm4 - v
~
1 = _ v
Ip=Ip=__[T,dwt=1, n- |
135
=169-— =634 A Hinh 4.5.
360 inh 4.5.3

1 fa
Trung binh dong qua diod phéng dién Df: IDf = ;Io I,dwt=1I,- [%]

45

=16.9-—=422A
180

Trong cdc bai todn thi€t k&, dinh mitc dong ngd ra Ip dugc giit khong d6i trong khi géc PK
pha o thay d6i, cho nén dinh mirc dong qua SCR, Diod dugc chon theo diéu kién lam viéc xau

nhi't clia né, 1a bing véi dong ngé ra Io.

3. Khao sat s¢ @6 chinh luu cAu ba pha hdn hgp (hinh 4.5.1.¢) tai RL:
Giong nhu sd d6 cAu 3 pha 6 SCR, ta chia cdc chinh lvu 1am hai nhém: nhém + gém cic
SCR, c6 diéu khién pha va nhém — gdm céc diod. Khdo sit sy hoat dong clia cdc nhém nay cho ta

dién 4p cdc diu day ngd ra v, va v_1a cdc nét dam trén hinh 4.5.4, 4p ra vo vin la cdc dp day
nhung gdm ca cdc xung khong diéu khi€n pha, nén ngd ra nhap nhd 3 1an trong chu ky.
Hinh 4.5.4 v& cdc dang dién d4p khi o < /3. Khi o = 0 4p ra tr§ vé dang chinh Iuu cau ba

pha diod, ngd ra l1a 6 xung nhu nhau.

Khi a>n/3 4p ra ¢6 khodng bing
khong do Df hay cdc diod va SCR trén cung
pha din (khi khong c6 Df). Vi khodng din
dién cda cédc diod 1a cac khodang dién ap pha
am nhat khong d8i trong khi khoang din cic
SCR thay d6i vi c6 diéu khién pha, dong dién
ban ky duong va 4m ciia mot pha khdng 1éch
180°. bay la nhugc di€m 16n cia ho so do6
nay, né han ch& cong suat tdi 4p dung vi tao ra
nhiéu hai dong dién cho lu6i.

Trung binh 4p ra khi dong lién tuc c6
thé€ dugc tinh theo tdng hai chinh lvu ba pha
tia, mot véi géc diéu khién o vd mot khong
diéu khién:

36

V =—V(1+cosa) <4.5.1>

o

765
lg2

lgs

N

U+
VA
\></ﬂ
U

BC BA

Hinh 4.5.4: dong, ap ra khi chinh luu ciu 3 pha DK
khdng hoan toan

Vi du: Gid sit dong tdi lién tuc, phdng. Vé dang dong qua nguén trong hai truong hop

a=36°va a=90°. Tinh he s6 cong sudt bé chinh luu trong hai truong hop.
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Dang dp hai dau by chinh luu va dong dién pha A trong hai truong hop nhu sau:

Khi a = 36° dong qua pha A gém hai xung bién do 2/3 va bang r —a = /2 khi o =m/?2
> /6 (xem hinh vé).

- Khi a = 36° dong hi¢u dung qua pha A bdng:

/2 2
7[/3 =] \/7 Cong sudt tdi Po =V .lo vdi Vo tinh theo<3.33a> va hé sé cong

V(l +cosZ)el, 3(1 +cos %)

it: H = —” = = 0.863
sudt SCS = < . V-ID\/; o
Q, Vs /\ i U \
> ] } Vo Va Up I
¢ Vs vd
AN/ N\ \| / \ N\
\ T\ N 2 wt
N\ v_ N~
N v_ lg1

lg1

|:| dong qua pha A

Hinh 4.5.5: Dong qua ngudn cda chinh luu (] dbng phéng dién

cau 3 pha DK khong hoan toan

. 2e(7 — - I
- Khi a = 90° dong hiéu dung qua pha A bang: I, =1, 2(r=a) =1, (=) =—%=va hé
2 V4 V2
. . P ¥y tcos)l
s0 con g sudt HSCS =—2 =22 (1+cos3)J, =£: 0.551
S 3V.\E ~

Vay HSCS luén luén cao hon chinh luu diéu khién hoan toan (chi diing SCR).

IV.6 BO) CHINH LUU PAO CHIEU:
1. Céc so do: A
Chinh luu diéu khién pha dii c6 thé cung cAp 4pra>0va <0
nhung dong ra chi cho phép > 0 (Iam viéc phan tu I va IV clia mit

2 2 . S R z e 2 LN N A 2. z %
phang tai Vo, Ip) hinh 4.6.1 . B€ ¢6 th€ dao chiéu dong dién tai, co /
hai so b ch?nh:o /////// |

- St dung céc ti€p di€m dio chiéu (hinh 4.6.2.a): Hinh vé&

dang c6 ti€p di€ém T déng, cung cAp 1 chiéu dong ti, néu T ngit va //

//
_

N déng dong tdi sé& dugc phép ddo chiéu.

+

I— +
Luoi
oF—— oF—— Tai —
Ludéi Luoi
—

N T B ]

Hinh 4.6.2 S dd nguyén Iy: (a) Dao chiéu dung tiép diém (b) BBD dao chiéu

N v

+

V' N
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Bai gidng tom tat Dién tir cong suat 1
- BBP @30 chiéu: Gom hai bo chinh luu cung cap hai chiéu dong tdi, hinh 4.6.2.(b) 12 sd @b
nguyén ly va hinh 4.6.3 12 s6 dd cu thé vdi cdc bd chinh luu hinh tia.
2. Nguyén Iy diéu khién BBD dio chiéu:
DPé€ hai BBD cung cip cling gid tri Vo cho tdi, cic géc dk pha clia hai BBP sé& c¢6 quan hé
nhu sau khi gid st dong tai la lién tuc:

’ lBlfBDD];ung Ca{), al? ti;mg bmhz Voi vdi Zfﬁ_zfm—zfm—
oc al, cung cdp d va a2. :
g g cdp dp Vor g*Q_o ;
Vo =Voi = VdO.COS al = Voo = - C& § é_’QQ
< v
Vio-cos a2=> cos al =-cos a2 hay al X ol
B . , - K K 2K
ca2=7 néu ol >0: BBDP I la chinh T4 115 |76 U s
haw — =>a2< 0:BBD 2 la nghich ha. v 2¢ o
o
N4 x
hinh 4.6.3

Du cdc tri trung binh hai BBD 1a bing nhau, gid tri tdc thdi cia ching khong bing nhau
lam xudt hién dong dién cin bing (con goi 1a tudn hoan — circulation) chi chay qua hai b chinh
luu khi chiing cling 1am viéc. Dong cin bing c¢6 thé rit 16n néu ta khong c¢é tdng trd han ch&
chiing. Ngudi ta c6 cdc cach diéu khién sau:

- biéu khién riéng: Mdi lic chi cho mdt bd chinh Ivu 1am viéc tuong ¢ng véi chiéu dong
dién hoat dong hay mong mudn. Nhu viy khong c6 dong can biing. V4Gi cung dién dp Vo trén tai,
khi ddo chiéu dong thi mot BBD 1a chinh luu, b con lai 1a nghich Iuu va ngudc lai.

Cin c6 thdi gian cd hai BBD khong 1am viéc khi chuyén BBP lam viéc d€ trdnh trudng hgp c6
th€ c4 hai BBP cuing din dién.

- Piéu khién chung (ddng thdi): Hai BBP ciing c¢6 xung diéu khién nhung chi c6 mot bd c6
dong tai, dong cin bing dugc han ché bing cudn khang KCB va qui luat diéu khién thich hgp. C6
hai cdch phdi hgp : tuyé&n tinh va phi tuyén.

e Phdi hgp tuyén tinh: Goi o, o 13 géc diéu khién pha hai bo chinh lvu. Cédc 4p trung binh
Voi = Vo2 = Vo cho ta o = 7t - o, tuong tu nhu da khdo sat & diéu khi€n riéng. Ap trén
cudn khéng cin bing vep = Vy7 — Up2 khong c6 thanh phan mot chi€u (tri trung binh
bing 0) c6 thé tinh tuong ty nhu khiang cin bing ctia bd chinh luu sdu pha cé khdng cin
bing (muc IV.4.1). Dong cin bing c6 tdc dung 1am dong qua cdc BBD 1udn lién tuc.

e Ph&i hop phi tuyén: PE gidm nhd kich thuc cudn khang cin biing trong khi vin han ché
dong can biing & gia tri mong mudn, ngudi ta diéu khi€n cho 4p ra nghich luu 16n hon 4p ra
chinh luu:

o=m+0-arhayo; +ou>n

1V.7 SUDUNG NGAT PIEN CHUYEN MACH CUGNG BUC CHO CHINH LUU:
Viéc st dung ngit dién déng ngit theo diéu khién nhu GTO hay t6 hgp transistor + diod
trong cdc so dd chinh luu cho phép:

- ning cao hé sd cong suit cia BBP nhu cic so d6 chinh lvu diéu khién géc d6i xing
(symmetrical angle control) hay di€u rong xung, cai thién dang (gidm bién d6 séng hai bic cao)
dong ngudn.

- phat trd cong suat phan khang vé ngudn nhu § so d6 diéu khién géc tit (extinction angle
control).
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1. Chinh lvu diéu khién géc tit: (Hinh 4.7.1)

- S0 d6 1am viéc Y% mit phing tai.

Trung binh 4p ra s6 do cau mot pha khi géc din y = a:

1A :er\/Esinwt.dwt=V—\/§(l—cosa)
790 V4

. Lo . o -
GTO1 GTO2 UO
i Zf_ T
51
5 Yo ZSDf : : . wt
N N
ey SN0 T 21
Hinh 4.7.1.a: Chinh luu cdu 1 pha GTO | |
- Khi gid st dong tdi phing, lién tuc: i,
ig = Iy khong doi GTOl Df GT02 Df
dong ngudén la xung vudng, sém - | |
4t 4 N . gdc sOm pha
pha v6i dp nguon v géc (r—a)/2
Vay ht cung cip dudc cong suit phin Dong qua ngudn i B
khdng cho ngudn. Tuy nhién, do dong ; ;
khong sin, hiéu qua thuc sy cia phuong dn
nay khong cao. hinh 4.7.1b: Ap ra chinh Iuiu cdu 1 pha diéu khién gdc tat

2. Chinh lvu diéu khién géc d8i xiing hay diéu rong xung: (Hinh 4.7.2)
A v

- Khi st dung mach dién
hinh 4.7.1.a, c6 thé déng ngit cic
GTO theo luat phiic tap hon d€ cho
ra ciac bd chinh luu c6 hé s6 cong

suat ti€n dén 1 nhu dang 4p hinh

4.7.2. =

Tinh todn tuong ty nhu sd
dd diéu khié€n géc khéa, HSCS
khong bing 1 mic du dong ngudn

cuing pha véi dp vi khdng hinh sin.
Ta c6 thé ting s6 xung trong mot

GTO01

GTO02

ban ky dé€ diéu ch& dong hinh sin

(xem chuong 6).

Hinh 4.7.2: Ap ra so d6 diéu khi€n goc doi xiing
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Bai gidng tom tat Dién tir cong suat 1

Uu di€m 16n nhit cta sd dd

dung SCR.

lok

Lf\fv“

~

3. Chinh luu lam viéc hai
phan w1 va II: C

2o g 2

L’\’Y“

Cc Tai
tich cuc

V6i viéc st dung ngit dién
chuyén mach cudng bic, ta c6 thé
cho dong dién tai ddo chiéu khi 4p

nay 1a HSCS khong gidm nhiéu khi 1 = >
gidm 4p ngd ra vé 0 nhu khi s | A _| _| _|
L~ Q1 Q  Ja3 B
UJ/
(0]
Q6

AR |

mot chiéu trén ti 16n hon gid tri Hinh 4.7.3: BBD lam viéc hai phan tu (dung IGBT)

4p ngudn chinh lvu diod nhu & hinh 4.7.3. Mdi ngit dién bao gdm mot IGBT cé diod song song
ngudc. Khi 4p trén tdi 16n hon 4p chinh Ivu diod, dong qua diod vé 0 va ta c6 thé diéu khién

khodng din cda cac IGBT d€ trd ning lugng vé ngudn.

Vay sd dd hinh 4.7.3 ¢6 V, >V , va Iy c6 thé >0 hay <0

IV.8 MACH KiCH SCR PIEU KHIEN PHA:
1. Nguyén Iy diéu khién pha:

Hi€u mot cdch don gidn nhat, mach kich
cic SCR trong so db diéu khién pha sé& cung cip
cho cuc cdng mot dong dién clung tan sd ( dong
bd) vGi ludi di€n nhung pha thay ddi dugc theo
tin hiéu diéu khi€n. Theo dinh nghid, géc 1éch
pha nay s& biang 0 trong trudng hgp dp ra 1a cuc
dai v4i tai R, tudng tng véi viéc thay SCR <-- D.

Hinh 4.9.1

D€ ting d6 chinh xdc, dang séng nay cin c6 dd doc 16n tai thdi di€m kich SCR, nhu dang

xung trén hinh 4.9.1. Ciing trén hinh ndy, gc dé tinh géc diéu khién pha o (&ng vdi trudng hgp
o = 0) 1&€ch v6i ludi v mdt géc 6 phu thudc so do va cach 14y tin hiéu lu6i dé déng b6 mach kich.

Nguyén ly diéu khién pha thudng diing cho bd diéu khién st dung vi mach tuong tu 12 so

sanh, c6 sd dd nhu hinh 4.9.2.a .

|O‘ = Olyax /
|

wt

kich SCR
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Phit xung diéu khién pha theo U "
nguyén ly so sanh c6 hat nhan 1a mach so Taodp
sanh v3i ngd vao 12 hai tin hiéu: Udk a tin - Lugi 7L9MP0 | | ">
hiéu diéu khién 12 tin hiéu mot chiéu, Udb U Kich SCE
1a tin hiéu ngd ra mach d6ng b0, 1a tin hiéu dk
clng tin s6 1udi, c6 do doc khong ddi ddu  (a)

A

trong khodng a = 0y, dén o = Oypax

(thudng 12 0 va n) 1a khodng thay ddi clia 0] K
g6c diéu khién pha o. Khi Ug = U gp, ngd v
ra bd so sanh thay déi trang thdi, ddnh diu

thdi di€m kich SCR. Thay d6i dp U, s& a=0 0L = Olyux

diéu khién géc diéu khién pha .. Hinh 0 T 2m
4.9.2.(b) v& cic dang séng véi 4p ddng bd
rang cua tang. Upg

Khi d€ y géc PKP o x4c dinh khi ~__~
so sdnh ug, va Ugy tuong dudng véi so . .

sdnh hiéu s6 ugp — Ugy va 0, do d6 nguyén kich SCR

Iy ndy con goi 12 nguyén 1y thing ding (b)
(thay d6i khi ta nang ha theo chiéu R
Hinh 4.9.2

thing ding dp di€u khién). T dang ugp, c6 th€ tim dugc quan hé ougp,Ugy) va suy ra quan hé
trung binh dp ra Vo va U .

2. Ham truyén BBD:
Céc BBP ctia PTCS déu c6 ham truyén gan ding theo dang:

H(s)=Kyye™ = K pp <4.8.1>
l+7s

v6i K= V/Ugi va © la thdi gian tré clia BBD, dugc 18y bing thdi gian trung binh gitra 2
1an phat xung diéu khién, 12 T/ 2m d&i vdi bd chinh lvu SCR, T 13 chu ky 1u6i, m: s& xung. Trong
mot s6 tai liéu khac © dugc 18y bing T/ m.

Vi du: Tim ham truyén ciia b chinh luu PKP, so do cdu 3 pha, dp ludi 220 V (dp pha), sit
dung dp dong bé nhu hinh 3.28.b , bién dj dp dong bo U gy, = 10 volt.

Gid sit dong tdi lién tuc, trung binh dp ra V, = 2.34 Vcos a. Tir hinh 3.28.b ta c6 hai tam
gidc dong dang: o= ﬁ%vo”i dp dong bo c6 a iy = 0va & gy = 7

fib

suy ra 'V, 22.34°220C08(ﬂ%j=514.8C0$(7Z%j va Kgp = V, / Ugg c6 dang cosin, la mot

ham phi tuyén.

Thoi hdng = T/2m = 0.02 / (2*6) = 0.00167 giady.

Véi dang dp déng bo rdng cua ting nhu hinh , khi U gy tdng , a tang lam dp ra gidm khong
phit hop véi diéu khién theo sai l¢ch. Trong thuc t&, nguoi ta thay thé U gy, bing (Ugp — Ugy) nho
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vao mach doi mitc nhu trong vi du & cudi chuong.
3. Mach kich chinh luu diéu khi€n pha theo nguyén 1y so sinh:
Nguyén 1y so sdnh dugc sit dung rong rii khi thi€t k& biing vi mach tuong ty (analog).
a. Sd dd khoi:

Hinh 4.8.3 cho ta sd dd khdi ddy dd mach kich chinh luu diéu khi€n pha. Khdi 1éch pha 0
hi€u chinh do 1éch pha ctia dp 1uGi sao cho mach kham phé zero cho ra cidc xung & géc pha a =0.
Tin hiéu zero ndy s& dong bd cdc mach phat xung theo nguyén ly 1am tré hay kich khdi mach tao
4p dong bd. Nhu ta di bi€t, mach so sdnh x4c dinh thdi diém kich SCR khi Udb bing Udk . Mach
don 6n & ngd ra by so sanh xdc dinh bé rong xung kich SCR.

Céc mach vira dugc ké thudc vao khdi phat xung kich SCR, khac nhau & mdi pha. Trong sd
dd chinh luu nhi€u pha, mdi pha sé& c6 it nhat mot khdi phat xung kich SCR, cdc ngé ra clia chiing
dugc dwa va khéi logic d€ phdi hgp, ddm bao so dd nhiéu pha lam viéc ding. Khoi khuéch dai va
ghép niang mifc cong sui't xung va ndi vao cuc cong SCR, c6 thé phdi ddm bio cic diéu kién cich
ly dién giita cdc SCR véi nhau, SCR va mach diéu khién.

Xung tif cac
pha _,\

Pha Jf 1 khic 7/ cdc SCR

lugi Léch ph < A 2 U 4h K. dai clia
< ~Ch pha Kham pha Taodp LOGIC ,
0 7ERO ddng bd > - g;lép chinh luu
a= SO san Pon on

]
g

Mach phét xung DK pha Uk
Hinh 4.8.3
c. Mach phdt xung diéu khi€n pha ding khu€ch dai thuit toan (KDTT):
D18
N
4
D20 33 0.4
N /€20
N\/ 4 AN
R30 J b ~AAA—— 18 1
(o8 - R32 12
10k 100k UsD

Khdm phé zero

Hinh 4.8.4.(a)

Mach khdm phd zero U5SA so sanh tin hiéu DB 1 sin ludi chinh lwu va ngudng mdt chiéu,
cho ra xung duong khi DB qua zero [dang song (1) trén hinh 4.8.4(b)].

U 5D 1a mach tich phan d€ tao 4p ddng bd Udb. Khi ngd ra USA cao, U 5D tich phian
xudng vdi thdi hiing gin bing R27*%C20 c6 tri s6 bé tao canh xudng clia 4p dong bo. Khi ngd ra
USA thap, U 5D tich phan 1én véi thdi hiing bing R32*C20 c6 tri s6 16n cho ta canh 1én clia ring
cua, 1a do doc 1am viéc. Diod D18 ¢6 anod ndi ngd vao — ctia KDTT giit cho gid tri Udb & trong
khodng tf —Vy d€n U gpmax-

U 5C 1a b6 so sanh dung KPTT, cho ra xung duong [dang s6ng (4)] khi Udb > Udk. Canh
1én ctia ngd ra U5SC la thdi di€m kich SCR.

U5B 1a bd so sanh clia mach don 6n khong tu giit, xdc dinh bé rong xung kich SCR, thudng
14y bing 1 mili gidy cho cdc so dd chinh lvu. Bé rong nay thay ddi theo thdi hiing C21¥R26 ctlia
mach vi phin [dang séng (3)]. Diod D19 khong cho ngd vao U 5B c6 gid tri Am,
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bdo vé ngd vao KPTT va xa nhanh tu C26, gitt
khong d6i bé rong xung trong sudt khodng thay
ddi ctia a.

S dd hinh 4.8.4.a cho ra xung kich SCR
& hai ban ky[dang s6ng (5)], c6 thong s& chi
phu thudc hai tu dién (C20, C21) va hai dién trd
(R32, R26); dung 4p mdt chiéu d€ diéu khi€n
géc o cho thi'y kh3 ning ché tao vi mach diéu
khi€n pha. Trong cdng nghiép, nhitng vi mach
diéu khié€n pha déu c6 so dd khdi tuong tu,
nhung k§ thuat mach thay doi d€ c6 thé ding
mot ngudn, cic trd tu thudng ndi xudng diém
chung d€ gidm s& chan st dung.

3. Ap dong b dang cosin va khdi léch
pha:

Nhu da trinh bay trong phin nguyén 1y,
4p ddng bo clia mach phat xung diéu khién pha
cin c6 d6 doc khong ddi dau trong khodng o
biang 0 d€n ol max.

dp ludi
v 1)
Udb
Ud
ﬂu‘i' 2nlé>
wt
3 @
(5)

Hinh 4.8.4.(b)

Nhu vay c6 thé c6 cdc dang ring cua véi (a) dd doc duong, (b) @6 d6c Am va (c ) dang

cosin [trén hinh 4.8.5].

Dang (a) rat d& thuc hién nhung c6 bat 1gi 1a khi Uz

ting, géc kich o ting tuong Wng dp ra V,, gidm. Dang (b) c6  (a)

dic tinh ngugc lai, rat khé thuc hién. Ap ddng bo ring cua
cho ta géc diéu khi€n pha o thay d6i tuyén tinh vé6i dp diéu
khién Ug;. Piéu nay lam cho quan hé trung binh dién dp (b)

ngd ra va Ugy, khong thé tuy€n tinh, vi quan hé V() c6 cdc

ham sin, cos. Pay 1a mot bt Igi cho hé thdng diéu khién v (¢)

dong vi khé hiéu chinh hé thdng phi tuyén.

Déng bd cosin cho ta quan hé o(Udk) c6 dang
Arccos, ham nay s€ bi khit bo khi dong qua chinh luu 1a lién
tuc, khi d6, Vo(a) c6 dang cos (<3.22>). Thyc vy, néu goi

bi€n dd hinh cosin la Udbmax, khi Udk = Udb ta c6:

Udk = Udb = Udbmax. Cos a hay
-1
o = coSs (Udl%]db max)<4'8'2>

V2

va <3.22> vi€tlai V, =V , cosa,véi V,, =05

T

2n

| =
3

N\

RN

Hinh 4.8.5

C

Hinh 4.8.6

Cic bat Igi c6 thé k€ ra 1a: mot dang cos chi c6 thé kich cho mot SCR thay vi mot pha nhu
ddng bd ring cua (hinh 4.8.5), pham vi thay d8i géc kich hep vi o khong thé gidm vé khong va dp
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ddng bd thudng c6 ngudn gdc ludi nén bién d6 khdng c6 dinh va d€ bi nhiéu ... P tao ham
cosin, ngudi ta thudng 14y 4p lu6i qua bi€n 4p gidm va cho 1&éch pha. C6 the st dung mach 1éch
pha dungRC, RC va KPTT, mach xoay pha biing bi€n d4p va RC hay chon pha thich hgp. Hinh
4.8.6 cho ta cac vector dp pha va diy cta lugi di€n ba pha. Cac 4p pha va diy cia lugi ba pha c6
cdc do 1éch pha 30°, 60°, 90°, 120° . C6 thé chon trong d6 cdc thanh phin thich hgp d€ c¢6 ham
cosin cho mach diéu khié€n pha.

Vi du @€ kich SCR cho mach 1 pha, ta can léch 90° . Tir hinh 4.8.6, nhin xét pha A va 4p
day BC 1éch 90° . Mot vi du khdc, & so d ba pha tia (hinh 4.2.1 va 4.2.6) d6i v6i SCR pha C l1a
T3, a. = 0 khi 4p ddy CB bing khong. Ham cosin kich SCR T3 la ddo cta pha A (pha — A).

Céc phuong phdp 1am l1éch pha trinh bay trén ciing &ng dung vao khdi léch pha trong so
dd khoi tong quat cia mach kich SCR diéu khién pha (hinh 4.8.4.a). Kh&i 1éch pha can thiét cho
viéc st dung mach khiam phd zero tim ra di€m o =0 khi 4p Iudi khong qua zero & o = 0 (hinh
3.28).

Vi du & sd dd ba pha tia (hinh 4.2.1) d€ kich SCR pha A 1a T1, c6 thé 1am chim 4p pha A
g6c 30° hay dung 4p diy AC dua vio mach khim ph4 zero.

4. Mach khué&ch dai xung va ghép vé6i khoi dong luc:

Céc muc trén day chi trinh bay cdch tao ra xung diéu khi€n pha SCR, céc tin hiéu nay cin
dudc khuéch dai d€ c6 dd ning luong (dong) kich cic SCR. Mach khuéch dai xung chd y&u la
khué&ch dai dong, vi 4p dit vao cuc cong SCR kha bé, khodng vai volt trong khi dong kich cong ¢
th€ dén 5 ampe cho SCR c6 dong anod vai trim ampe. Khi ghép truc ti€p mach kich vao cuc
cong, mach khuéch dai thudng chi 1a cdc mach theo phat (tdi cuc phat E). C6 thé st dung thém
cic tang khué&ch dai transistor ghép truc ti€p va tu gia toc (xem chudng 4, phan mach 14i
transistor).

—;
lBQ1 vccg: ] BA.\X - - o
0 . . D2 L 100
. . AN
T
vcC D2 3k3 |
Ucq1 . 3.3 ohm

/ ) l/Q'/ D1 33
4 { . \ 0
0 Lascr ! \L . 1

Hinh 4.8.7 (a) (b)

Mot bai todn hay gip clia thi€t bi dién tif cong suit 12 yéu cau cach ly mach diéu khién va
mach dong luc. Viéc cach ly mach diéu khién c6 mitc ning lugng bé va mach dong lyc cong suat
16n ddm bdo an todn cho ngudi van hanh va thi€t bi, ting cudng khd ning chdng nhiéu va trong
trudng hdp mach dién tr cong suit con 1a sy bit budc khi cic ngit dién khong c6 diém chung
(common hay mass) nhu cic so d6 cau.

Vi nhu vdy can phuong tién d€ ghép khong dién xung diéu khién vao cyc c6ng ctia SCR
hay cdc cyc diéu khién transistor. C6 hai méi trudng thong dung: tir — bi€n 4p xung, va quang —
cac bo ghép LED — quang dién t& v4i tén thuong mai OPTRON.
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Hinh 4.8.7.(a) va (b) trinh bay cdc dang séng va mach khuéch dai xung va ghép véi SCR

cho bd chinh luu ciu ba pha. Cic diod D1, D2 , transistor Darlington Q1 thyc hién ham OR va

khué&ch dai dong. Bi€n 4p xung BAX & cyc thu C clia transistor qua dién trd han dong 3.3 ohm.

Ngudn VCC c6 thé 1a 24V va ti sd gidm dp cda BAX 12 4 :1 d€ gidm dong qua transitor va ngudn

cAp dién. Tu dién 47 nF va dién tr§ 100 ohm ndi cang gan SCR cang t5t d€ chdng nhiéu khi day

ndi mach diéu khi€n va SCR dai. Cic thong so trén cé thé diing cho SCR ¢6 dinh mifc trung binh
dong dén 250 A.

Khi Q1 bio hoa, 4p ngudn VCC c6 thé xem nhu dit vio so cAp bi€n 4p. Pién 4p nay cdm
'ng qua tht cAp tao nén dong kich cho SCR. Dong qua cudn so cAp bi€n dp gdm dong tir héa va
dong phan anh tir thit cAp. Khi bé rong xung dd bé, 16i thép bi€n dp chua bdo hoa va ta c6 dién
th€ va dong dién cdm tng & thit cap. Khi Q1 tit, dong tir héa bi€n dp phéng qua diod D3 va gidm
v& khong. Nhu vay bi€n 4p xung chiu tit héa mdt cuc tinh va cin phdi thi€t k€ sao cho khong bdo
hoa. Khi xung dd rong, dong kich tir ting cao, 16i thép bi bdo hoa va tir thong khong thay ddi, 4p
cdm tng gidm d€n bing khong. Hién tugng nay ciing x4y ra khi ta c6 chudi xung va dong tir hda
chura vé khong thi da c6 k& ti€p. Bé rong xung kich SCR (xung hep) khodng 1 mili gidy

1V.9 UNG DUNG CHINH LUU PIEU KHIKEN PHA:

La thi€t bi bi€n ddi ning lugng dién tir xoay chiéu = mdt chiéu, bo chinh luu dugc st
dung rong rii trong cong nghiép va cdc nganh k§ thuit khic cin dién mot chiéu, vi ngudn dién la
xoay chiéu.

Trong cong nghiép, ta quan tim dé&n hai nhém ng dung: Truyén dong dién dong cd mot
chiéu va cdc bd ngudn mot chiéu cho cic qud trinh cong nghé khic nhau.

Trong da s6 trudng hgp, du thong s§ dic trung 1a dién 4p nhung dai lugng dnh hudng truc
ti€p dén chat lugng phu tai 1a dong dién. Trong dong cd, dong dién tao ra momen chuyén dong. O
cdc qua trinh dién héa, dong dién quyét dinh s& lugng va chit lugng sdn phdm va sy phat nhiét.
Do d6, cdc bo chinh luu diéu khién pha dugc st dung rong rai, mach loc cé thé khong can thiét
hay chi 12 cudon khang c6 15i thép dé€ san phing dong dién. Trong mdt s6 trudng hdp dic biét, loc
LC méi dugc st dung.

Tuy nhién trong cdc bd ngudn ciAp dién cho mach dién ti, chit lugng dién 4p ngd ra dudc
yéu ciu rit cao. Ngudi ta st dung hai dang b bi€n ddi:

- Chinh luu diod c6 loc C hay LC va mach on ap transistor (6n 4p tuyé€n tinh) da dudc khdo
sat tuong doi day dd trong cdc tai liéu vé mach dién tit, khong dugc dé cap dén trong gido trinh
nay. Khi cong sudt 16n va rit 16n, c6 thé sit dung chinh luu SCR va loc LC d€ giit 6n dinh 4p ra
thay cho &n 4p tuyén tinh. Nhugc di€m clia phuong 4n nay 1a do bing phing clia 4p ra kém.

- Ngay nay & tit cd cdc cd cong suit, bd ngudn xung dudc sit dung tuong ddi phd bi€n vi
cic wu di€m vé kinh t& va ky thuit cia n6. Bo bién d6i nay sé dugc khio sit trong cic chuong k&
ti€p.

1. Cédc bd ngudn mot chiéu diéu khi€n pha:

Nhu di phin tich & trén, cdc bd nguén mot chi€u cong nghiép cé dai lugng tic dong truc
ti€p 12 dong dién. C6 thé€ ké cic tng dung: nap accu, dién phin, xi ma, mdy han dién mot
chiéu... SJ db khdi cac thi€t bi chinh lvu c6 diéu khién nhu sau:
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Bién 4p Chinh luu Loc (c6 th€ khong can) bKphadp AC Bié&n 4p Chinh luu

Ludi Tai Ludi Téi
o A Q)

(a) (b)
Hinh 4.9.1: Bo ngudn DC dung chinh luu diéu khién pha

Trong do6:
- Loc: Mach loc thudng 13 cudn khdng d€ loc dong dién, c6 thé khong can.

- Chinh luu diod hay SCR bi€n ddi AC = DC, la so d6 nhiéu pha khi cong suit 16n dé
gidm d6 nhap nhd (séng hai) va phan déu tai trén cdc pha 1uéi, khai thic t6t ngudn dién.

- Bién 4p: Gidm, ting 4p ngudn dé&n gid tri thich hgp; cach ly 1udi va tdi, ddm bio an toan
cho ngudi vin hanh médy sin xuat.

- Piéu chinh 4p/dong ra thyc hién qua diéu khién pha chinh luu trong so d hinh 3.34.(a)
va bo bi€n d6i 4p xoay chiéu & (b). B6 ngudn mdt chiéu c6 sd dd hinh (b) c6 ngd ra hoan toan
giong nhu so dd hinh (a) vi dién dp diéu khién pha & so cip s& dudc chinh luu & thit cdp. Sd dd
nay sé c6 hiéu qua kinh t& 16n trong hai trudng hgp:

+ Ap ra bé va dong rdt I6n: Trong cac thi€t bi c6 dong ra d€n vai ngan ampe & dién
4p vai chuc volt, viéc thay thé€ chinh luu SCR bing diod gidm dugc gia thanh vi SCR dit
tién hon diod, ting hiéu suat thi€t bi nhd diod c6 sut 4p bé hon SCR. Céc 1¢i ich nay rat
16n khi so sdnh véi viéc thém bd diéu khién pha 4p xoay chiéu.

+ Ap ra rdt 16n va dong bé: Trong céc bd ngudn cho thi€t bi tao tinh dién tdn s cong
nghiép, ngudi ta st dung 4p rit 16n, tr vai chuc dén hang trim kV vdi dong dién khodng
dugi 10 A. Piéu chinh 4p phia so cip bi€n 4p va ding chinh luu diod & thit cAp, ngudi ta
tranh dugc viéc phai diéu khi€n nhiéu SCR mic ndi ti€p d€ c6 thé chiu dién 4p cao, rat
phifc tap va t6n kém.
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Viéc chon sd db cho bd ngudn mot chiéu - Chinhhu_+ Loc (g thé khong cén)
thong thudng dudc quyét dinh bdi gid thanh by - \ S— Kich
chinh luu va bi€n 4p gidm 4p, trong d6 so @6 N Y- u

cau 3 pha dugc ding cho cidc mach cong suit
16n va va sdu pha c6 khdng cin bing sit dung (a)
b6 chinh lvu hiéu qué nhat.

2. Piéu khién dong co mét chiéu:

N
a..S0 dd khdi va dic tinh co dong co: \
\
N
\

Hinh 4.9.2.(a) cho ta s dd kh&i clia hé thdng

truyén dong dién mot chiéu dung bd chinh luu wo| ——f—
diéu khién pha . Truyén dong dién con dugc goi ——
la din dong dién (electric drive) hay cung cip \\
sitc kéo bing dién bao gdm ddng co dién va 0 Ul LM

thi€'t bi diéu khién né (controller). Bd chinh luu
diéu khi€n pha cho phép cung cidp va diéu
khi€n dong ning lugng cho dong cd mdt chiéu Hinh 4.9.2
tir Iu6i dién xoay chiéu cong nghiép. Cudn kich

tir dong cd c6 thé cung cip tir chinh lvu diod

hay SCR.

Trong hinh 4.9.2.(a), bd chinh luu bao
gdm c4 bi€n 4p (n€u can bi€n ddi 4p luéi ra gia
tri thich hdp), cuén khang loc dugc st dung
dé san phing dong, va néi rong khodng 1am viéc vdi dong lién tuc, gin day thudng khong diing vi
kich thudc to, gid thanh cao. Pong co mot chiu la loai kich tir ddc 1ap hay hdn hgp.

(b)

Céc quan hé dién tir cda dong cd & ch& do xdc lap:

’ U=E+R-I+¢ U: Pién 4p phin tng dong co. E, I: sic
|_ Ce=Fko <3.38> dién dong, dong dién phan ing cia dong
U

M=Ce-I=Fk-1 co. R: dién trd tuong dudng cda cdc sut 4p

E=Ce-o trén phin ing. &: Phdn ¢ng phin tng cia

; suy ra: doéng cd, luén duge bd qua khi khio sat
_ w=L (U _R. I) <3.39> trlAJyen don% dlCI'l,; Ce:qHAangAso Slen '[l\l' cufl
Ce dong co mot chi€u, ti 1€ (hé so6 k) vao tu

Hin 4.9.3 ( khi b6 qua phdn @ng phan thong ¢ céia cudn kich tir. M: momen dong

inge) cd, & ché do xéac 1ap bing momen cén trén
truc. o: toc do, tinh biing rad/gidy.

<3.39> cho thay khi diéu chinh 4p cung cip, quan hé tdc d6 — dong dién hay quan hé tdc
dd — momen (con goi la dic tinh co dong cd) 1a nhitng dudng thing song song nhu & hinh 4.9.2.(b).
Ngudi ta chi diéu chinh 4p dudi gid tri dinh miic — gidm 4p va tdc do lic d6 nhd hon gid tri dinh
mifc, goi la diéu chinh dudi t6c d6 cd ban. PE c6 momen 16n, tir thong khi dé 14 dinh mic. Viéc
diéu chinh trén tdc dd cd ban dudc thuc hién bing cdch gidm tir thong vdi 4p dit vao dong co
bing gid tri dinh mitc. C6 thé chitng minh 13 cong suit cd nhan dugc trén truc d€ dong co khong bi
hu héng van xap xi cong suit dinh mic khi d6. Viéc di€u chinh tir thong thyc hién bing mot bd
chinh luu SCR thif hai, s& cho phép gidm 4p cung cAp cho cudn kich tir khi 4p dit vao phin ng
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dat gia tri dinh muc.

b. Cic bai todn cia hé thdng diéu khién dong cg:

C6 cdc bai todn sau clia hé thong diéu khi€n dong co:
- Diéu khién téc do: La bai toan giif tdc d6 khong ddi theo tai, 12 yéu cau quen thudc nhat.
- Diéu khién dong dién va momen: Theo <3.38>, momen va dong dién cda dong co ti 1&, diéu
khi€n dong vd momen hé truyén dong sit dung mdt co ciu v6i hai muc dich:

* Bio vé dong cd va bd bi€n ddi trong ché @6 xac 1ap va qua do.

* Theo yéu cau clia mdy méc truyén dong.

- Diéu khién vi tri va hé tuy dong.

- Diéu khién gia téc va gidm téc chuyén dong:
(khdi d6ng, ham ddng ca)

IV.10 TOM TAT CHUONG:

Chuong ba khdo st cdc sd dd chinh Ivu di€u khién pha. IIL.1 trinh bay chinh luu diod véi
muc dich 1am quen, Vi cdc cong thiic cho chinh luu diod 13 trudng hgp riéng cda chinh luu diéu
khién pha, & géc diéu khié€n pha a = 0 ©. Cic khio sit chinh luu diéu khién pha trong chuong nay
da dugc don gidn héa, gii han & cdc diéu kién 1y tudng: tdi R va tai dong lién tuc va phing. Mot
s6 van dé cda bd chinh luu thuc t& hay lién qua dén thi€t k€ ciing dudc gidi thiéu. Cic sd d6 diéu
khié€n pha dugc gidi thiéu kh4 chi ti€t nhung gi6i han & mot s6 s6 6 thudng gip. Phan ng dung
dudc trinh bay & dang tuong ddi tdng quat, nhung so d6 diéu khién dong, 4p dudc giSi thiéu kha
k¥ vi chién Iugc diéu khién nay da dugc si dung hét sitc rong rii trong dién tif cong suat.

BAITAP VA CAUHOL:

1. Tinh trung binh 4p ra V,, dp ra clia bd chinh luu ciu 1 pha diéu khi€n pha, tdi dong lién tuc khi géc diéu
khién pha « biing 0, 45, 90 do. Bi&t 4p ngudn 1a 120 volt. Tinh 4p ngugc cuc dai dit vao SCR, khong d€ y
dén sut 4p qua SCR.

DPip s6: « 0° 459 90° . Ap ngugc cuc dai trén SCR 12 169.7 volt.
Vo 108V  76.4V 0V

* Luu y : Khi dé y sut 4p trén SCR, 14y biing 1.5V , k€t qua sé la:

Pip s6: a 0° 450 909
Vo 105V 73.4V 0V

2. Lam lai bai 1 khi st dung cau hdn hgp SCR va diod, ¢6 diod phéng dién.

Dbip sd: | 0° 459 90° . Ap ngugc cuc dai SCR va diod vin 1a 169.7 volt.

a
Vo 108V 922V 54V

3. Tinh chon dong dién cho SCR va diod ctia bai 2. khi dong tai khong ddi, bing 25A trong sudt khodng
thay d6i clia o tir 0 d€n 180 do. Tinh v6i s6 dd hinh 3.23.a.
Hudng din: Khi dong tdi phiang - lién tuc, 25A ciing chinh 1 bién d6 ctia dong qua DCR, diod.

Tur hinh 3.24VD, ta nhian xét dudc cdc két qua sau:

- SCR va diod clia cau chinh Iuu s& c6 géc din 16n nhét, bing 180 © khi géc kich bing 0° khi d6,
dong trung binh qua ching la 12.5 A (hay dong hi¢u dung la 17.7A).
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- Diod phéng dién s& c6 géc din 16n nha't ti€n d&n 360 © khi géc kich bing 180 © tuong tng dong
trung binh la 25 A.

4: a. V& mach dong luc bo chinh luu diéu khién pha, sd @ mdt pha diéu khién khdng hoan toan ( hdn
hdp SCR + diod). Md t& ngén gon hoat dong.

b.V& va chii thich ddy di dang xung kich SCR va dang 4p, dong qua tai v6i géc kich a = 30°. Cho
bit tai RL ( tai dong lién tuc ), ngudn hinh sin: e = V2 sin wt .

c. Vi diéu kién ciu b, tinh tri trung binh 4p, dong ngd ra. Cho biét tri s& hiéu dung 4p ngudn la
220 volt, tan s& ngu6n 50 Hz, R =10 ohm va L = 0.01 henry.
Chd y: Gia tri ctia L trong ciu c. 1a khdng can thi€t cho viéc x4c dinh dang 4p ra hay tri trung binh dong
dién, chi cin thiét cho viéc vé dang dong — nhung trong dé khdng yéu ciu.

5. Cho chinh luu tia 3 pha diéu khién pha [hinh 3.7.( c)], dp nguén 220/380V. Tdi (10 +j10)Q2. Si dung phu
luc 1 ciia chuong II dé tinh tri trung binh dp, dong ra & a bdng 60° va 90° .

Hudng din: Géc tii ¢=tg' (10/10) = 45°. Géc kich quy vé truong hop so dé 1 SCR 6 = 30°
1. a=60°:

Tra phy luc 1, do thi hinh PL1.2 cho ta y (a+0 =60 + 30, ¢ =45 ) = 130° > 2/3 suy ra dong tdi
lién tuc (hinh 3.13), tri trung binh dp ra la:

<3.22> cho ta Vo = 128.7 volt Tri trung binh dong lo = 12.87 A

2. a=90°.

Kiém tra tuong twt, y(a+0 =90+ 30, § =45 )=90° < 21/3 : dong dién gidn doan, cdn tich phin dé

o+0+y
VA2 sinwt.dwt = 2—3;r V2[- cos wt]aJreﬂ’

3
VO a+0

tinh tri trung binh dp ra: 21 Jo+0

_ 3*222(::\/5 [008(30 + 90) - cos(30 +90 + 90)] = 53.8volt

Ttri trung binh dong ra khi do: Io = 5.38 A

6. Cho chinh luu cdu 3 pha diéu khién pha, cdp dién tir nguén 220/380V qua bién dp ba pha néi Y/Y. Tdi
dong co (RLE), R =0.2 2, L = 0.02 H. Gid sit dong tdi lién tuc, tinh:

a. Tinh ti 56 bién dp k dé trung binh dp ra la 240 V & géc kich bé nhdt ttinh todn o= 15 °.

b. Véi ti s6 bién dp ciia cdu a, tinh ap ra khi o= 45 °va a = 90 °.

c. Trong diéu kién cau b, khi gdn thém diod phong dién Df. cdc tri trung binh nay tré nén bao nhiéu.

d. Trong diéu kién cdu b, gid sit cdc séng hai dong dién cao hon bac 1 bing khéng, tinh hiéu dung
séng hai dong khi a=15°, a=45° a=90°.

Trong cdc tinh todn khong dé' y sut dp do chuyén mach, bién dp va qua cdc chinh luu.

Hudng dén: a. Ap pha thit cdp la 102.5 V suy ra k = 0.47 . b. Vo (45°) = 169.7 V, Vo (90°) = 0 V. c. Vé
dang dp ra, Df  sé din dién khi v, < 0, suy ra Vo (45 %) = 169.7 V, nhung

V0(90°)=2%

CAU HOI:

2/ 3 .
j "3 9802 sinwt - dwt > 0V d. Tinh bién do hai bic 1w = 300Hz), suy ra dong.

n/2

1. — Hay trinh bay cdc dang dong ra ctia chinh luu diéu khién pha tdi RL khi L thay ddi tir O ( tai
thuan tr§ ) d&n khi L biing vo ciing ( tai dong lién luc va phiang ).
— V& dang 4p ra cia chinh Ivu diéu khién pha, so d6 1 pha tai RL & géc kich o bing 60° khi L
thay d6i tit 0 d&n khi L bing vo cling.
2. Chuyén mach la gi? Tai sao goi chinh lvu diéu khién pha 14 bo bi€n ddi chuyén mach 1u6i.

3. Pham vi thay ddi ctia géc diéu khi€n pha bing bao nhiéu.
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Huéng din: TAi RL, o € [ 0, 180 © ]. Khi tdi ¢6 sitc phan dién, pham vi diéu khién gizm xudng

4. T4c dung clia diod phéng dién d6i véi tdi cAm khang.

5. V& dang xung kich SCR, 4p ra ctia s6 dd chinh luvu diéu khiéu pha, s6 dd 3 pha cAu 6 SCR & « =
60° . Giai thich yéu ciu cin xung kép, c6 thé sit dung dang xung nao khac khong.

6. Trinh bay hai nguyén 1y co ban d€ thyc hién so db kich SCR cho BBP diéu khién pha. Gidi thich
tai sao tan s ngudn dién c6 dnh hudng dic tinh clia cdc mach kich nay.

7. Hay cho biét ngin gon cic ng dung ctia chinh luu va chinh lvu diéu khién pha va dic diém ctia
ching.

8. Giai thich so d6 diéu khién mach kin hinh 3.39, tdng quat héa hai yéu ciu diéu khién 4p va dong
clia bd bién d6i .
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CHUONG 5 BO BIEN POl AP MOT CHIEU

Bo bi€n déi dp mot chiéu Vao , Ra
(BBDAIC) hay goi ddy dil a bo bicn T _ |BBDap | 3 EF ©
3 i x . 0t chiey
do1 xung di€én 4p mot chi€u, su dung cic _%t p
ngit dién ban din § so dd thich hgp dé
bi€n ddi 4p ngudn mot chiéu thanh Hinh 5.0.1 Dinh nghia BBDA1C
chudi cdc xung 4p, nhd d6 sé thay ddi
dudc tri trung binh 4p ra V (hinh 5.0.1).

Vi th€ BBPAIC con dugc goi 12 bd bim dién ap (hacheur hay chopper).
Dang 4p ra BBPAIC thay ddi theo theo chu ky 7' gdm thdi gian c6 xung £y va
khoang nghi T - ¢,,.

C6 cic nguyén ly diéu khién:

- Biéu ch& do rong xung (PWM — viét tit Pulse — Width — Modulation) khi
chu ky T khong d6i, thay d6i thdi gian déng dién #y. o = £ou/T goi 12 dd rong
xung tudng doi.

- DPiéu ché tin s6 khi £y, khong ddi, chu ky T thay ddi.

- Diéu khi€n hon hgp, khi cd T va ¢y, déu thay doi.

Hai phuong phdp sau it thong dung trong thdi gian gan diy, né gin lién vdi
nhitng mach dién cu thé, thudng 12 don gidn. Chat lugng cda ching thudng khong
cao v6i nhugc di€m 16n nhat 13 tin s6 lam viéc cia hé thdng bi thay d6i.

Trong mdt s6 tai liéu, cdc bo bi€n d6i xung dién 4p mdt chiéu déng ngit
ngudn dién cung cip cho tdi nhu dd dinh nghid trén dugc x€p vao nhém
FORWARD, phén biét vdi cdc bo bi€n d6i 1am viéc qua trung gian cudn diy goi 1a
FLYBACK. Ngoai ra, con c6 mot sd so dd c6 dd tdng quat khong cao, khong dugc
trinh bay trong chuong nay.

V.1 KHAO SAT BO BIEN POI AP MOT CHIEU LOAI FORWARD:

Bo6 bién ddi 4p mot chiéu loai FORWARD phan ti phan tu
dugc phan loai theo s& phan tw mit phing tdi ma Vo >0, Io <0| Vo, I, >0
né cé thé hoat dong. Mit phing tai, tudng tu nhu phin tu | phan 1w

mit phing dacq tinh cd trong truyén dong dién, 1a %”‘Igi o | it g; Vo,

tap hgp cdc di€m bi€u dié€n tri trung binh dong, ap

trén tai Vo, Io; gdm 4 phin tv nhu & hinh 5.1.1. Hinh 5.1.1: Cdc phén tu mit
Hinh 5.1.2 cho ta cdc sd dd b bién ddi 4p mot phang tai

chiéu loai FORWARD.

Trang 1/ B bién doi ap mot chicu © Huynh Vin Kiém



Hoc ki 2 nam hoc 2004-2005

&
YD1 - l
4 N S3
[ V r
N / N
{32 Vi o {34
& 8 &
(a) (b) (c)

Hinh 5.1.2: SG d6 cac bo bign ddi (a) mdt phan tu; (b) hai phan tu; (c) ba phan tu
&
+ i Hinh 5.1.2.b1 BBD Déng

51 / D3 A Iém‘ viéc 2 phan tu (@) —t Lon

i, | va IV Nt :
1% o o ' '
% T E— \%

D2 4> Vo (:/ T11.. Vo I,
- >4 (b) 7 Al /X
Q min.

(b1) , .
id ’ A g A N A Ix

1. Khdo sit bé bien d6i lam viéc Vo [

mot phin tu mit phing tai: _
- o N I\ Lo

Trén hinh 5.1.2.(a) ngat di€én bdn dan . ~ <

mot chiéu S1, nhu ta di biét chi ¢6 th€ din tx

dién mot chiéu tir dau + cda ngudn. Vi th& Hinh 5.1.3: Dang song clia BBD mot
tri sO tic thdi dp, dong ra ve, io va tri s0 14 t3j RLE
trung binh cua ching Vo, Io
chi ¢6 thé duong, va bo bi€n ddi nhu vay chi lam viéc dugc & phan tu thit nhat cla
mit phang tai.

Xét chu ky tua xdc 1ap — khi cdc dang song s& 1ap lai & mdi chu ky, trén
hinh 5.1.3. (a) trinh bay tin hiéu diéu khién ngit dién S1. Tin hiéu cao (hay 1)
tuong Wng ngit dién déng, thap (hay 0) 1a ngit.

Tai t=0, S1 déng. Phuong trinh vi phdn mo t& hé thdng:

V:RiO+L%+E,V6idi§ukiénd§u i,(0) =1, <5.1.1>
Gidira : io(t) =Ly —(Lyg — Ipin e /" v6i Iyq = VoE =L <5.1.2>

1 : thoi hiing dién tlr, I,;; : dOng qua mach khi xdc 14p (t = o).
io(ton) =Lnax = Ta1 - (lel - Imin)e_ton /t<5-1'3>
Khi ¢ >t,,, SI ngit dong tdi khong thay ddi tic thdi, khép mach qua diod phéng
dién D2. Phuong trinh vi phAn md td hé thong khi chon lai g&c thdi gian:
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0=Ri, + L% 4 B,vi didukien diu in(0) = Ipay <5.1.4>
Gidira : io(t)= I — (L — Imax )™/ " v6i Iyyp = £ <5.1.5>
Va io(T - ton) =1Iy9 - (le2 —Inax )e_(T_ton)/T = Imin <5.1.6>

<5.1.3> va <5.1.6> cho phép tinh ra I,4, L., va dang cda ip theo ¢ nhu hinh
5.1.3.(b).

7 v l—e ton !t _EI Vv elon!T_ B
max — R 1_e Tl R’ "min R el 4 R

va nhdp nho dong ra: AL =2(Iax = Iinin) <5.1.7>

Tri trung binh dpra:  V, = to,;;V =aV,véia = tOT” <5.1.8> , va dong ra
I, = V"I;E khi st dung nguyén ly x&€p chdong cho thanh phan mot chiéu clia 4p ra
Vo.

Tinh gan ding: Khi T << 1, c6 thé tinh gin ding khi cho ip thay d6i theo
dudng thang va 14y trung binh 4p trén cic phin tif ngoai tv cdm L trong <5.1.1> @€
tinh dao ham dong:

L% -V (E+RI,)=V -V, = V(i -a). Tir d6 tinh dugc:
. V- . V(-
lo = %t + Imin = l(ton) =Imax = %ton + Inin
Vi ip thay d6i theo dudng thing,

: . N Ivax +Imin _ aV-E
tri trung binh dong I, = 5 =55 <5.1.9>
va nhdp nho dong AT = mex Imin _ VI (1 o)y <5.1.10>
gid tri nay cyc dai khi o =1, lic d6 M:% <5.1.11>

Nhan xét: nhdp nho dong khong phu thudc tri trung binh dong tdi To va
dién trd tdi R. Khi E hay R ting, Jo gidm trong khi AI khong ddi. Vi I, = Io —
Al, dong dién s€ gian doan

khi Io < Al [ hinh 5.1.3.(c)]. Khi dong gidn T

doan, trong mdt chu ky cé khoang thdi gian 7 Zo

iop =0, vp = E, tri trung binh dpra Vo sé - E

ting, bing : V, = L[Vt,, +(T~t,)E] <5.1.12> z/lm o | 4
véi t, : khoang thdi gian c6 dong - t
Cé thé tinh dwoc tx khi dp dung cdc >

cong thitc tix <4.7> dén <4.10> cho chu ky Hinh 5.1.4: Dang song voi chu ky
gid dinh béng tx (hinh 5.1.4) va diéu kien 9id dinh fx
Imin =0:
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CaV-E ., Vien ton  VRtgy+2LE .
Tox == —=Al ==t (I-0y)= 0y = ty  VRi,, 2LV "%
t, =t,, VRon 2LV 54 q35,

On VRty, +2LE

Coéng thiic nay ciing cho ta diéu kién dé bo bién doi cé dong gidn doan: do
lachuky T >t, vditx tinhtheo <5.1.13>.

Vidu4.1: a. Tinh cdc thdong s6 va vé& dang dong 4dp trén tii cia BBD 4p
lam viécl/4 mp tdi. V = 100 V, T = 100 microgidy, ton = 30 microgidy, R = 5
ohm,L = 0.001 henry, E =20V

Gia st dong lién tuc: o = 30/100 = 0.3, suy ra:

Al = (100%30%10°%(1-0.3))/(2%¥10%107)= 0.105A

Vo =100.(30/100)= 30 volt; Io =(30-20)/5=2 A.

Imax =Io + Al =2.105 A.

Imin =Io - Al=1.895 A > 0, gid thuyé&t dong lién tuc 1a ding.

Kiém tra lai: ©= 0.01/5 = 0.002 gidy, tir <5.1.7>,

30E-6/2E-3
Lin =190 (e ‘1) ~ 20 _ 18953546 A

5 (eIOOE—6/2E—3_1) 5

[ _10 (1— e730E76/2E73)
max —
5 (1_6—100E—6/2E—3)

~20-2.1053454A, suy ra Al = 0.1049954 A .

Nhut vay sai s6 gifta hai cdch tinh la khéng ddng ké.

Kiém tra cdc thoi hing: T = 100 E-6 << t= 0.002 gidy phit hop véi gid
thuyét.

b. Gid sit E thay doi, tinh gid tri E dé dong tré nén gidn doan.
Biét ring Al khéng thay ddi theo E, truong hop gidi han ciia dong lién tuc
xday ra khi Imin=0va lo= Al = 0.105A. <5.1.9> cho ta :
E=aV—-Rlo=30-5%0.105 = 29.475 volt.
Kiém tra lai, thé gid tri E nay vao <5.1.13>, tx = 100 micro gidy = T. Vay
khi E > 29.475 volt thi tx < 100 micro gidy va dong bdt dau gidn doan.

Baitap 4.1: Suyra <5.1.10> tor <5.1.7> .

bat T/t = o va da cé ton/T = a , thé vao <5.1.7> khi luu y
eto% :eq,o;e% :eG .
1-e *° %% —1
Inax =% - Thin =% ~-E <BT5.1.1>

l-e” -1 R

2, A , — 2 , \ ~ 2
Vi T << t nén sit dung gan ding : e~ :1—x+’;—|ch0 cdc ham mii cua
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<BT5.1.1>:

Loy = L[ Frete?e? i) | B _v o twai)] B _v [, o-ao] B
max — R R R 1-(c/2) R R 2 R
Vo
rR*

I-1+6—(c2 /12)

_oc-oc| E

twong tw:  Ipip = 5 B

suy ra AIZEOL.G[I_TQ Zga(l o) vi 7= L/R

Bai tAp 4.2: Bién ludn ché dé dong dién BBD 4

lam viéc Ya mdt phdng tdi theo sitc phdn dién E va o, : 1

Khi toy gidm hay E tdang, dong dién gidm. Vdi ving dong
ton = tgu ,ung voi og, = teu/ T, ta ¢ truong hop gidi gidn dogn
han gita dong lién tuc va gidan doan khi I,,;, = 0. Khi -

a

ton < tey hay E tdng, dong gidn doan va nguoc lai. Tan e ving dong

Khi I,,;, = 0, <BT5.1.1> cho ta phuong trinh: 0 lién tuc |

o
A 40
Egn (e - _1) 12" %ehS
= = ~ QO - |. N “n n by
v e T e gh 2 Hinh 5.1.5: Bién ludn dong

gian doan (tinh todn chinh

Hinh 5.1.5 cho ta quan e qu(ag) voi o 1 .

thong s0,
biéu thitc gdn ding dp dung khi o =T/ 1 << 1.
Cung agn, 0 khi g > qen dong sé gidn doan. Va nguoc lai, cung gid tri o, g
khi o < oy, dong ciing sé gidn doan.
Bai tap 4.3: Tim bé réng xung ty ciia BBP lam viéc Y4 mdt phdng tdi, tdi RL
trong ché’ d¢ dong dién gidn doan: (hinh 5.1.4)
<5.1.3>v6i Ig= 0 cho ta I, =Y= E(l e ton /T). Thé két qud nay vao

<5.1.6>, dé¢ ¥ phdi thay T bdng tx vi ddy la dang xung ciia dong gidn doan, két qud
nhan duoc:

t, = T.m{ec-a .llJr%(l—e_c"OL )J}

Thit lai: voi ©= 0.01 gidy, T = 100 microgidy, toy = 30 microgidy, E = 44V,
V =100V, tinh dugc tx = 68 microgidy, ciung két qud véi <5.1.13>, d¢€y ©= L/R.

2. Kh3o sat by bi€n ddi lam viéc hai phan tu méit phiang tai I va II:

Trong hinh 5.1.2.(b), hai ngit dién ban din mot chiéu lam viéc ngugc pha
nhau: khi S1 déng, S2 ngit va ngugc lai. Ky hiéu:

S1=2S2

Nhu vdy, cdc ngdt dién S1, S2 va diod D1, D2 cho phép dong tdi ip chdy

theo hai chiéu, trong khi dp ra chi c6 thé duong: bd bi€n d6i cé thé 1am viéc §
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phan tu thit nhat va hai.

Viéc déng ngdt ddo pha hai ngdt dién mdc ndi tiép khong dé dang trong thic
t& khi ta dé Y thoi gian turn on ciia ngdt dién bdn ddn bao gio ciing bé hon thoi
gian turn off. Khi dé cé thé xdy ra ngdn mach nguén tam thoi khi ngdt dién turn off
chua kip OFF trong khi ngdt dién turn on da ON (su tring ddn). D¢ trdanh hién
tuong nay ta can thém vao mot khe thoi gian di 16n (phu thudc vao logi ngdt dién)
cd hai ngdt dién déu khod lam trung gian cho qud trinh chuyén mach.

Khdo sdt bé bi€n d6i nhu véi s6 do v
lam viéc mot phan tu cho ra cuing két qui, Vo

0 N (a)
cic cong thife tir <5.1.1> dén <5.1.11> déu /\/\

c6 thé dp dung. Nhung cdc dong dién déu pr e sz | AN ¢
c6 thé 16n hay nhé hon zero, suy ra khong /)~ T~
c6 ch& d6 dong gidn doan. 1 2

Cac dang dong dp dugc vé trén hinh

516: Hinh 5.1.6: Cac truGng hgp dong

dién cla BBD lam viéc nhiéu hon V4
Dang dong io hinh (a) twong Gng v6i mit phing tai
trudng hoptri trung binh dong ra lo >> 0.
Diod D1
va ngit dién S2 khong c6 dong, thuc t€ mach hoat ddong nhu b bi€n ddi mot phan
tu.

Dang dong (b) xdy ra khi sitc phan dién tai E x4p xi tri trung binh 4p ra Vo,
tri trung binh ti€n vé 0 va ca 4 linh kién cong suat déu tham gia din dién.trong
tirng giai doan nhu trén hinh.

Dang dong ( ¢) xay ra khi tri trung binh dong ra Io << 0. Chi ¢6 D1 va S2
lam viéc.

V,-E
R
bién do ting dan. Cudn day dugc nap ning lugng. Khi S2 ngit, dong qua L khong
thay ddi tic thdi phéng qua D1 vé ngudn. Nhu vay tai E du c6 stic dién dong bé
hon ngudn V nhung van cé thé dua ning lugng vé ngudn nhd bod bi€n ddi 4p mot

chiéu khi c6 tri s& trung binh 4p ra Vo thich hop (Vo < E).

Vidu 4.2: Khdo sdt BBD dp mét chiéu hinh 5.1.2 (b) véi nguon V = 100 volt,
sic dién dong tai E = 40 volt, R = 5 ohm, L = 1 mH, T = 100 micro gidy. Vé dang
dong ra trong cdc truong hop do rong xung twong déi o lan luot la 0.5; 0.3; 0.2.

a. a=0.5. Al = 100*%0.0001*%0.5(1 — 0.5)/(2*0.001)= 1.25 ampe.

Trung binh dp ra Vo = 0.5%100 = 50 volt => lo = (50 — 40)/5 = 2 ampe.

Vil,= <0=E >V,. Khi S2 déng, dong ip qua R, L, S2 vé E ¢6
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Vay Imin = 2 — 1.25 = 0.75 ampe; . Imax = 2 + 1.25 = 3.25 ampe, tuong iing
voi truong hop dong dién dang (a) cia hinh 5.1.6.

b. a =04 Al = 100*0.0001*0.4(1 — 0.4)/(2%0.001)= 1.2 ampe.

Trung binh dp ra Vo = 0.4%100 = 40 volt => lo = (40 — 40)/5 = 0 ampe.

Vay Imin = 0 — 1.2 =— 1.2 ampe; . Imax = 0 + 1.2 = 1.2 ampe, tuong ung vdi
truong hop dong dién dang (b) ciia hinh 5.1.6.

b.a =03 Al =100%0.0001*0.3(1 — 0.3)/(2%0.001)= 1.05 ampe.

Trung binh dp ra Vo = 0.3*100 = 30 volt => lo = (30 — 40)/5 = — 2 ampe.

Vay Imin =— 2 — 1.05 =— 3.05 ampe; . Imax =— 2 + 1.05 = — 0.95 ampe,
tuong vng vai truong hop dong dién dang (c) cua hinh 5.1.6.

BBD ting ap: & '
+

BBD 4p mot chiéu lam viée 1 phdn tw chi  P1ZX i L
c6 thé cung cip 4p ngd ra bé hon 4p ngudn nén
con c6 tén goi la BBD gidm 4p. vl R

o E

X6t BBD hai phn t hinh 5.1.2.b, khi lam 52/

viéc & phan tu thit II, chi ¢6 S2 va D1 1am viéc ~

(v& lai trén hinh 5.1.7). Ning lugng ctia sdd tdi E &
dugc trd vé ngudn (ip < 0 ) nhung ta vin Hinh 5.1.7: BBD tdng ap

c¢6 trung binh 4p ra V, bé hon 4p ngudn V. So dd

hinh 5.1.7 dugc goi la BBD tiang ap, khi

4p cla phid cung cap (dp tai) Vo bé hon dp ngudn V (phia nhin).

J BBP tdng 4p, ta dinh nghid 7oy 12 thdi gian din dién clia S2, cong thic
tinh tri trung binh V, sé& thay ddi, tuong @ng véSi viéc thay thé o bing (1 - o) trong
<5.1.8>

Tacé Vo= V.(1-a) <5.1.8*%>

dong qua tai Ip = (Vo — E)/R < 0 tuong Gng Vy < E.

Can luu y <5.1.8*> chi diing khi dong tdi ip lién tuc, nhd vao khd ning tich
trit ndng lugng G dang dong dién cia ty cam L. Khong c6 stc dién dong cdm tGng
cia L, dong khong thé chay tir tdi E c6 dién dp bé vé ngudn V 16n dugc.

BBD ting 4p 12 mot so d6 trong nhém BBD dp mot chiéu dang FLYBACK,
c6 kh3 ning ting-gidm 4p v6i ty cdm L dudc xem nhu 13 mot thanh phin cda
BBD.

3. Kh3o sat b bi€n ddi lam viéc bon phan tu mit phang tai:

Hinh 5.1.2.(c) cho ta s6 @6 ciu ctia bd bi€n ddi 1am viéc bon phan tu mit
phing tdi. Ta ciing c6 thé sit dung so d6 v6i hai ngudn nhu hinh 5.1.8. Trong sd dd
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cau, cdc ngit dién S1, S4 cung cip dién 4p dudng va cdc ngit dién S2, S3 cung
cap dién 4p aAm cho tdi. C4c diod song song ngugc vdi ngit dién ddm bdo dong
dién Ivu thong hai chiéu. C6 thé 1y luan tuong tu dé chitng minh kh3 ning 1am
viéc & bon phan tu mit phiang tai clia sd do st dung hai ngudn: S1 cung cip dién
4p duong cho tdi va dién 4p Am bing S2.

Céc sd @6 1am viéc 4 phan tu mit phang tdi dung _?V—"_ls1

dé cung c4p cho tai: D1z>
- 4p ddo chiéu (1am viéc & phan tu I hay III) iy
S |

- dong va 4p ddo chiéu (1am viéc I, II hay III, IV) = -

- dong va 4p c¢6 dau bat ky phu thudc yéu cau. D24> T/ Vi

tuong ng vdi nhiéu cdch diéu khién cic ngit &V
dién bd bi€n ddi. C6 hai cdch chinh:

- DPiéu khién chung hay hoan toan:
S1=84=82=S83. Khi d6 dang 4p ra ludn cé hai cuc
tinh: vp duong khi S1 déng va 4m khi S1 ngdt — dang
s6ng hinh 5.1.9.(a), nhung dp ra la dang

Hinh 5.1.8: BBD lam
viec bon phan tu mit
phdng tdi, so dd hai
ngudn
xung c6 bién dd thay ddi trong khodng —V dé&n +V, 1am cho nhip nhd dong dién
tdng gap doi so v6i dang xung mot cuc tinh 0 .. V:
[

Al = zemn = VL (1 - ) ar <5.1.14>

v6i a = ton/T; toy 1a thGi gian ON ctia S1, S4.

Phuong 4n diéu khi€n chung cho phép thay dé lién tuc 4p ra tir Am sang
duong khi thay ddi @6 rong xung tuong ddi toy/ T :

V,=%[V-t,-V(T-t,)]=V(2a-1) <5.1.15>

Dong tai c¢6 thé duong hay Am phu thudc vio tudng quan giita trung binh dp

ra Vo va sdd tdi E (theo nguyén 1y x&p chdng).
7 V,-E
° R

- DBiéu khién riéng hay khong hoan toan: Mdi lic chi d6ng ngit mot trong
hai nhém S1, S4 cung cap 4p duong va S2, S3 cung cip 4p 4m cho tdi - dang séng
4p ra tdi thudn tr§ dugc vé trén hinh 5.1.9.(b).

Phuong 4n diéu khién riéng cung cip %4

xung mot cyc tinh cho 4p ra. Cong thic tinh

todn nhu trudng hop BBP mdot phan tu. C6 5154 55 :84 :
thé thdy dé dang ring BBD cung cip 4p ddo Loy v
chiéu, 1am viéc & phan tu I hay III phu thudc T -

vao cdp ngit dién 1am viéc va nhu vay cdch

Hinh 5.1.9.(a) dang song ap ra
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tinh todn sé& gidéng nhu & khdo sit BBD mot DK chung

phin tu.
R 2 2 <A - R N < S1,54 14 UO>0
Uu di€m ctia cdch di€u khi€n nay la
nhdp nhd dong, 4p ra bé hon, so dd dicu T p

khién don gidn.

Ngoai viéc dong tdi khong thé ddo
chiéu, so do diéu khi€n cin cé tin hiéu chon 52,83 v v, <0
d4u cho dién 4p ra (twong tng véi chon nhém
ngdt dién lam viéc). Piéu nay s& lam hé Hinh 5.1.9.(b) dang séng ap ra DK
thong khong lam viéc dugc hay tic dong rigng
chim quanh di€m 4p ra bing khong.

Trong thuc té& ¢6 nhiéu so do dieu khién
khdc nhau ndm gita hai nguyén 1y diéu khién
trén, ddu hiéu dé phdan nhém la diéu khién
riéng luon yéu cdu
tin hiéu chon cuc tinh dp ra trong khi diéu khién chung Iuén luén cé thé thay déi dp
ralién tuc

quanh gid tri 0 volt.

4. Khdo sdt so do hinh 5.1.2.b1
taii RLE: B¢ bién doi lam viéc hai
phan tulva V.

// V

\\\

.

Cdc ngdt dién SI va S4 cing
dong va cung khoa vdi do rong xung

 Khi @&y ngdt di¢n ban ddn chi hinh 51.10: ap, dong BBE hinh 5.1.2.b1
dan dién mot chieu, dong qua tdi chi c6  h; dong gian doan

thé la chiéu + quy udc: 1o = 0.
S1, S4 dan dién: vo=V >0

S1, §4 khéa: Ndng luong tich trit trong L cho phép tdi phdng dién vé nguon
qua cdc diod D2 va D3: dp ravg= -V < 0.

Nhu vy bé bién doi cé dang dp ra £V, tuy thudc vao tuong quan thoi gian
giita xung dp duong va dm ma dp ra cé thé duong hay ém (hinh 5.1.10).

Tinh todn mach khi dong tdi lién tuc:

Khi ¢6 tadi thich vng, dong tdi lién tuc: 1o tdng trong khodng t,, va gidm
(chua bang 0) trong thoi gian con lai ciia chu ky.Vay ta cé dang dp, dong ciia BBD
4 phan tw va trung binh dp ra duoc tinh theo <5.1.15> va nhdp nhé dong tinh bding
<5.1.14>. Tri trung binh dong vian la 1o = (Vo — E)/R. Ludn nhd la dong ra io
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chi c6 thé dwong, khi 1o gidm, dong cé xu hudng tién dén gdn doan.
Khi dong gidn doan, cdc tinh todn tro nén phiic tap hon.
Bai tdp: Tim diéu kién dé c6 dp ra Vo < 0, dieu kién dé cé dong lién tuc.
5. Khdo sat séng hai 4p dong trén tai RLE:

a. Song hai di€n ap:

C6 thé phén lam hai truong hop: dong lién tuc va gidn doan. Khi dong lién
tuc, dang dp ra chi phu thudc do rong xung tuong doi o. Khi dong gidn doan, dang
dp ra con phu thudc siic phdn dién E. Tuy nhién chi can khdo sdt truong hop dong
dién gidn doan, truong hop dong lién tuc twong vng véi tx = T . Khai trién
Fourier cho dang dp ra vp hinh 5.1.3.c :

v, =V, + 2 (A, sinnwt+B, cosnwt)=V, +> " _ [V, sin(nwt +6,)] véi

V,=A2+B? 0,=tg ' (A,/B,) va w=2n/T

Vo duoc tinh bing <5.1.12>; A,, B, cé thé tich phédn theo dang séng vo
hinh 5.1.3.c, khi dé ¥ chu ky T tuong vtng vdi 2 r:

2 . to, 2n!l T ] 2 .
A :lj "o -sinnwt-dwt =1 J“’” "V osinnwt-dwt+ [ E -sinnwt-dwt
n- glo "0 n

0 te2nl T
A, :%(I—COSnwton)—%(I—COSnwtx); B, =Y (sinnwt,, )--L(sinnwt, )

n nn nn

<5.1.16a>

Bién do va do léch pha ciia séng hai bdc n & truong hop dong lién tuc tx =
T la:

v, =%,/1—C03nwton .0, =tg [sinnwt,, /(1-cosnwt,, )] <5.1.16b>

b. S6ng hai dong dién tdi RLE:

Séng hai dong dién tdi RLE duoc tinh khi dp dung nguyén Iy xép chong, nhu
dd khdo sdt trong chuong chinh luu DK pha (muc 1V.3.6 ).

[N *A 2, A LyNd Ao
6. Sy’ lam viéc song song cac bg bi€n doi:

Tuong tu nhu & bd ngudn chinh lvu, st dung song song cdc bd bi€n ddi c6 2
tdc dung:

- Ting cong sudt ngd ra thay vi ndi song song cic ngit dién dé ting cong
suit BBD.

Khi cong suat tdi I6n vudt qud kha ning clia cdc ngit dién c6 sdn, viéc song
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song nhiéu ngit dién d€ ddp @ng cong suit thi€t k&€ tuy don gidn nhung c6 nhiéu
han ché&: mach phiic tap, sdn xuit don chi€c, hé s6 an toan khi tinh chon ngit dién
ting.. Viéc song song nhiéu bd bi€n ddi cung cAp cho mdt tdi tuy phic tap vé
nguyén 1y nhung sé c¢6 nhiéu vu di€m vé ky thuit nhu: module hod thi€t k&, st
dung t&i uu linh kién, cho phép ting dung nhiéu thuit todn diéu khi€n d€ ting chat
lugng ngd ra cling nhu kha ning sit dung ngudn..

Hinh 5.1.11a cho ta sd d5 hai BBD cung cip cho mdt tdi, hai BBP thudng c6
thong s6 hoat dong gidng nhau: cling V,, khd ning tii dong.. nhung 1am viéc 1éch
pha V4 chu ky. Ching dudc ndi chung ngd vao va chung ngd ra qua cic cudn khang
c6 nhiém vu rdi phan 4p chénh 1&énh xoay chiéu. M&i BBP sé& din %2 dong tai.

Ap trung binh trén tai: vo; = Vg2 (wt —m) => Vor=Voa =V,

Ap trén cudn khang L: vy = (Vg7 - Vg2 )/2 chi ¢ cac haibdilé 1, 3,5...

C6 thé chitng minh d& dang 13 dp trén tdi chi c6 hai bdi chin, nghid 14 sé&
nh&p nhd & tan s géc 2w.

) E rYT‘\ ] _KITYYY\_. in
+ 2 S&— —>—T—‘
= %1 ﬁg * ~ &
Y 3 o I v = 2ll &
- T J/UO2 ~ C % %
8 R -
:'gtht;'1'”a: Hai BBD cung ¢ap €ho yon 54 11p: G4l thign dong nguén bing

bd loc ngd vao va diéu khién léch pha céc
BBD

- C4i thién chat lugng dong, 4p ngd ra va dong ngudn cung cip khi diéu
khi€n 1éch pha cdc BBP.

Ta biét tan sd 1am viéc clia I
BBD cang cao thi cdc anh hudng
ctia song hai bac cao 1én tdi mdt
chieu C%ng be, nhl?ng_tén s0 hO%F Dong nguén mot BBD thuc té€ (nét nhd), gan ding
dong cua BBD bi gi6i han b1 (nét dam)
kha ning ctia ngdt dién. Nhu da
chitng minh & phan trén, khi diéu
khi€n 1éch pha % chu ky hai
BBD giong nhau ndi song song,
nhap nho dong, 4p c6 tan sd gip
d6i tan s6 1am viéc ctia BBD va Hinh 5.1.12: Dang dong ngudn ip clia mot va
nhu vay chat lugng dong, 4p ngd hai BBD giong hét nhau lam viéc song song

N

dong nguén khi lam viéc song song hai BBD

Trang 11 /B0 bién d6i 4p mot chidu © Huynh Vin Kiém



Hoc ki 2 nam hoc 2004-2005

ra dd dudc cai thién. lech pha 180°.

Khd ning st dung ngudn
mot chiéu ciing dugc cdi thién
khi céc
BBD 1a t3i clia chiing 1am viéc 1&éch pha. Khi d6 gid tri hiéu dung ca dong ngudn
sé tié€n gin dén gia tri trung binh cla ching hon. Hinh 5.1.12 vé& dang dong cung
cip cho 1 BBD va 2 BBD lam viéc l&éch pha % chu ky. Dong ngudn 12 nhitng xung
hinh thang c6 bé rong bing khodng din cla ngit dién S nhung ta c6 thé gid st
xung dong c¢6 dang chit nhit c6 bién d6 1a tri trung binh dong tii d€ tinh todn dé
hon khi ty cam tai L dua 16n.

Séng hai bac cao lam cho ta khong tin dung cong suit ngudn dién, c6 thé
gidm bSt bang mic loc LC 6 ngd vao nhu hinh 5.1.11b.

V.2 BO BIEN POI AP MOT CHIEU LOAI FLYBACK:

Céc bd bi€n d6i 4p mot chiéu khi 1am ngudn cho cic thiét bi dién ti can c6
thém bd loc LC (hay RC khi cong sudt bé) d€ dp ra phiang. Trong cdc bd ngudn
xung hién dai ta hay gip bo bi€n d6i loai flyback, né cho ra chudi xung dong, qua
trung gian cudn diay d€ nap tu ngd ra thay vi cdc xung 4p nhu & BBP dang
FORWARD. By bién d6i 4p mot chiéu x&p vao loai flyback khi chu ky hoat dong
gdm hai pha:

Pha I: Ngit dién déng (ON). Cudn diy dudc nap ning lugng tir ngudn, tai
st dung nang lugng tich tri trong tu dién song song ( tu loc ngd ra ).

Pha 2: Ngit dién ngit (OFF). Cudn diy chuyén (phdng) ning ludng qua tai
va nap nang lugng vao tu dién.
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S1
S—H»—0 So——
. 14

ool L
\%
le
Q °
(a)
S1
®__()
¥ LLZ oAT‘
14
- n:1
Q
(c)

Hinh 5.2.1: Cac so do BBD dang Flyback:

Nhu vy, nguyén tic hoat dong bd bi€n ddi loai FLYBACK ddi nghich véi
cic bo bi€n ddi xung dién 4p dang FORWARD, khi tii dudc n6i ngudn khi ngit
dién déng (ON) va st dung ning lugng tich trit khi ngit dién khoa.

C6 4 sd dd dugc trinh bay trén hinh 4.8:

(a) B bi€n ddi ddo cuc tinh: dugc diing cho khdo sit ¢ ban vi ¢6 sd phan ti
la it nhat.

(b) So d6 ting gidm 4p.

(c) SO dd ting gidm 4p c6 bién dp.

(d) So d6 ting 4p.

SO dd (a) ¢6 sd phan ti¥ it nhat, (b) c6 cling hoat ddng vdi (a) nhung khong
ddo cyc tinh, (c) tuong ty nhung sit dung bi€n 4p va (d) ting 4p.

BBD ting dp di dugc khio st & muc V.1.2 1a trudng hgp riéng clia so do
hinh (d), khi bi€n 4p tw ngiu chi con lai cudn diy so cap.

V.3 MACH TAT SCR:

Ngoai ho transistor hay GTO cé thé déng ngit theo mach 14i cdc ngit dién
da tim hi€u & chuong 1, ta ¢6 thé st dung SCR 1am ngit dién ban din lam viéc vdi
dién mot chiéu khi st dung thém mach phu, goi 1a mach tit SCR. Ciing giong nhu
& chinh Ivu, qué trinh tit SCR con dudc goi 12 qué trinh ddo luu hay chuyén mach.

Nguyén 1y tdng quit cia mach tit SCR 13 tao ra mot dudng din dién tam
thdi thay th€ SCR , Iam cho dong qua n6é vé khong trong thdi gian ddm bao tit iq >

loff:

Trang 13 / Bo bién d6i 4p mot chidu © Huynh Vin Kiém




Hoc ki 2 nam hoc 2004-2005

1. Vi du mach tat SCR: Mach hai trang thi bén diing SCR (hinh 5.3.1).

Tai t = 0, kich T1. T1 ¥
din dién va C dudc nap qua R1  R?2
T1 va R2 dén 4p ngudn V véi
cyc tinh nhu hinh vé. T2 ¢6 v Vo
dién 4p phan cuc la v, bing - CH +
ip ngudén V khi dong nap tu KT T2 ¥
ti€n vé 0. _
Khi kich T2, T2 din dién va tu >
dién C dit 4p 4m vao TI. Tl \*V F
khong thé din dién va phuc d
hoi trang thdi L/V .
'| Lors
f +V
ﬁﬁtq
Hinh 5.3.1: Mach hai

trang thai bén dung SCR
khéa. Tu dién C dugc nap qua R1 dén gid tri 4p ngudn V véi dau ngugc lai, chuin
bi lam tit T2 khi T1 dudc kich. Thdi gian T1 bi dit 4p Am dudc goi la tg- thoi gian
ddm bdo tit SCR, can phdi 16n hon z,fr1a thdi gian can thi€t cho SCR phuc hoi kha
nang khoa.

Nhu vay d€ tit SCR, ngudi ta c6 thé dung tu dién vdi dién tich c6 diu thich
hdp, tao dudng din dién tam thdi 1am cho dong qua SCR vé khong trong thdi gian
t4 dii d€ SCR phuc hoi khd nang khéa.

2. S¢ d6 dio luu (chuyén mach) cing ciac SCR.

Viéc tit SCR bing cich dung tu dién dit 4p Am vao AK nhu vi du trén dudc
g0i 12 chuyén mach citng cic SCR.

P& khio sit ta xem so dd tdng qudt hinh 5.3.2 v6i gid thi€t dong tdi 1,
khong d6i trong thdi gian chuyén mach, V 1a 4p trén tu trudc thdi di€m chuyén
mach. Khi khéa K déng, v, =v,(0)=-V 1am T tdt, dong tdi I, chuyén qua mach C.

pt cho v¢ khi chuyén mach:
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14 — A
, e
= v, =0, (t)=3¢t-V TVH J %S
c K
H'_l_—o/ Df
y

khi ¢t = tq la thoi gian ddm béo
tat T1, 4p trén tu bing O :
v (t,)=0=>CV =14,

(&

Khi C nap dén gi4 tri ngudn, dong
qua né vé 0, T2 ty tit, dong tdi khép
mach qua Dy Ty dién C da c6 nang
lugng cho chu ky lam viéc mdi. Nhu
vay, dién lugng C.V tich trit trong C
phdi duy tri dugc dong tdi trong thgi hinh5.3.2
gian ddm bao chuyén mach 1 hay

tg=V.Cllp<5.3.1>

3. B0 bi¢n d6i lam viéc mét phan tu dung SCR (hinh5.3.3.a):
—8 +V
\ o N

Lot

Trong mach hinh R
5.3.3.a, Tl la SCR
chinh din dong dién
tai, T2 1a SCR phu, chi
lam nhiém vu tit (con

Il lors

goi 12 chuyén mach) 1V

SCR chinh. D€ khao

sit mach, ta c6 gid 8 .

thuyé&t dong tai khong / ’

thay doi: Hinh 5.3.3: (a)BBD % mat phing tai ding SCR; (b) cac

io = I, = hing dang song
sO
trong thoi gian mach
tit SCR hoat dong.

Ngudn duge ndi vao di 1au dé C duge nap dé€n 4p ngudn V theo cuc tinh
nhu hinh v& qua dién tré R. R c6 gia tri rit 16n, khong dnh hudng dé€n hoat dong
sau nay cua mach.

Tai t = 0, kich T1. T1 din dién. dong qua né gém dong tai I, va dong phéng
dién cia tu C qua T1, Dy va L. By la mach cong huéng LC khdng c6 t6n hao khi
ta xem céc linh kién 1a 1y tudng. Dong phéng dién cida C la hinh sin va dp qua né
c6 dang cos.
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Khi dién 4p trén tu dién ddo cuc tinh (ngudc vdi diu trén hinh 5.3.3.a),
diod Dp khong cho phép n6 x4 theo chiéu ngudc lai va nhu vay tu dién C da
chudn bi dugc dién tich c6 dau thich hgp dé tit T1 khi T2 dugc kich, nhu sd dd
nguyén 1y hinh 5.3.2. Thdi gian ddo cuc tinh tu dién la Y2 chu ky dao ddng
14 = 7+JLC ciing chinh 12 thdi gian on t&i thi€u clia BBP.

Khi kich T2, T2 din vp; = ve < 0 : T1 tit vi dong tdi I,, chuyén qua C. C

dugc nap bing dong tdi I,.,nhu nguyén 1y chuyén mach ciing nhu di khio sit.

BN A R z g N A N Io 1 N S, . <
biéu ki€n dé€ co6 su chuyén mach thanh congla C> v 1, 1q > loff 1a thoi gian tat

cia SCR TI.
Khi C nap dén gid tri ngudn V, dong qua n6é vé 0, T2 tu tit, dong tai khép
mach qua Dy.

Tu dién C da c6 ndang lugng T
cho chu ky lam viéc mi N NL NEAL
o N a2 N T N T2 N "N
Thoi gian off t01 thi€u clia 2 2 . , 0L |
BBD la 2.t;, dé cho dp trén o - CT+
. 2 N ~ CT+ N N
tu c6 th€ thay doi tr — V dén N T3 w T4 N N
+V, ddm bdo tit dugc SCR N N 12 122
N (b) (c)
chu ky ti€p. . ] ) ) ]
Hinh 5.3.3.b va ¢: Cac mo rong cua mach tat hinh

Nhugc diém lén ciia
mach nay la phdi cé pha
ddo cuc tinh dp trén tu dién,
diéu nay lam tdng tén hao
ndang lugng, gidm
tan s6 lam viéc cho phép ciia mach. Cing ho chuyén mach ciing con cé cdc mach
trén hinh 5.3.3.b va 5.3.3.c khong sit dung cudn day va cing khéng co pha ddo cuc
tinh dp trén tu dién. Tu tdt C nam giita cAu SCR, chiing dugc kich & theo chu trinh
thich hop dé cung cdp dp dm tdt SCR chinh (so do b). So do (c) cé diéu khién phiic
tap hon khi dong tdi ldn lugt chay qua cdc nhdnh ciia cau SCR.

9.3.3.a

Trong thuc t&, trong mach con nhiéu ty cdm noi tiép vdi SCR, cé thé la tu
cdm cia nguén dién, day ddn hay la cudn ddy duoc thém vao dé chéng nhitng dot
bién dong lam dnh hudng két qud tinh todn trén.
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Mo rong ddao luu ciing cho BBD lam vi¢c hai
hén tu: »
: "B

Khi BBD lam viéc nhiéu hon mét phan tu, can cé
diod phong dién song song ngugc voi SCR. Vi du nhu o U, =
50 db hinh aar
5.3.4. Mach nay hoat dong tuwong tu nhu so do 5.3.3.a VH
nhung cdc tinh todn cho bé chuyén mach ciing thay doi
hoan toan. Hinh 5.3.4 MG§ rong cla

Pé chudn bi tdt SCR chinh T, ty dién ciing duoc mach tit hinh 4.14 cho
nap voi cuc tinh nhu hinh vé. Khi SCR phu Tp dugc BBP |am viéc nhiéu hon

kich, dong qua tu C chia lam hai nhdnh: cung cdp dong mit phﬁng tai
tdi Io thay cho SCR chinh T (ddm bdo T tdt), khép mach
qua D tao thanh mach dao déng LC. Ta cé thé nhdn
xét nhiém vu ciia L la han ché téc dé phéng dién ciia C
qua D. Vi dong tdi 1o dang chay qua L khi Tp duoc kich,
gid tri ban ddu ciia dong qua C la Io lam thay doi thoi
gian xd tu C.
L la cudn khdng c6 tri s6"rdt bé, chi tham gia qud trinh chuyén mach ma
khong danh huong hoat dong cuia tdi.

Bai tdp 5.4: Khdo sdt mach tdt hinh 4.3.3.b.

[ N T ;IOQ T I-I n\
VH L4
+ NEA N T1, T4 4
Hinh BT5.4  (a) Mach UCC:; 218 1 L
+
déng luc (b) mach N T3 N T4 \ Uc/ .
N

diéu khién va ap trén 7 o \ /
tu C ® 2 -

Cdc gid thiét:

-Tait =0, dp trén tu cé cuc tinh nhu trén hinh, dong qua tdi bang Io.

- Dong tdi khong ddi, phdng trong sudt thoi gian khdo sdt (tdi ¢ L rdt 1én).

- Mach dong luc ddy dii va dang xung diéu khién vé trén hinh BT4.4.a.Mo td
hoat dong ciia mach, vé dang dp ra va dang dong qua cdc phan tit.

Huédng ddn: Dang dp trén tu nhu trén hinh vé, C dugc nap bang nguon dong
tdi I, ¢6 gid tri thay doi tix— V <—> +V.

3. B§ bién ddi lam viéc hai phan tu dung SCR (hinh 5.3.5) dung ddo luu
mém:
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o« < ON
. _;ZTH ng 1 S1=-82 | o ,
yuoooi|odz 1 N
v g —
¥ UC}Z z= T11 1 ¢
- | 7 | D2 o2 (100 nn .
to Hinh

5.3.5

Vi chuyén mach cting cin mot tu
diéin ndi song song vdi SCR, dé }BBD c6 Do, 40 o g
thé lam vi€éc nhi€u hon mdt phan tu, ta c o
can thém vao cudn khdng L bén canh
diod phéng dién D thi § ddo luu mém
diod phéng dién dugc ndi song song
ngudc truc ti€p véi SCR. Dong, ap qua T1 | 4

|
|
|
t
|
|
|
{ déng SCR bing v |
T

I khéng [ T1 :
1 l e _i__D

bo—— tq ) |

-

r

A/ . X s 1s a
K€t qua cua cach ndi nay la chi |
|

| i
2 . . A . S !
c6 dong qua SCR gidm vé zero khi Déng, 4p qua o S0 L
2 A c 2 ~ D ";“_, ——————
chuyén mach, vAK khong c6 ap am. o v |
A N ~ /(7
Pay la dic trung cia ho chuyén mach Dong qua$1 | | —
R (gbm T1 va D1) Fe—t ! |
mém. I N
-4 T —— 0
tl tZ t3 t'(‘

Nguyén ly hoat déng:

Trong BBD hai phan tu, mot ngdt hinh 5.3.6
dién bdn din ciu tao tr hai SCR: Sl
(S2) bao gdbm SCR chinh din dong dién
tAi T1 (T2) va SCR phu T11 (T22). Cic
linh kién phu LC st dung chung. Trén
sd d6 c6 ghi dau cuc tinh dién 4p
trén tu C & thdi diém ¢o, khi chuin bi tit SCR T1 dang din dong tai Ip. Khi kich
T11, dong phéng dién clia C (miii tén d6i) mdt phan cung cap cho tdi Ip, mot phan
khép mach qua D1, T11 d€ tao thanh dao dong LC.

O cudi ban ky dao dong LC, dp ; N
trén tu ddo cuc tinh, chuin bi tit T2 & HUT L
pha k€& ti€p bing viéc kich T22. Dang ; D'H t @
dong, 4p qua cdc phan tif dugc vé trén LY o « Z%
hinh 5.3.6, khi ic > I, dong qua SCR TI ~ F—p—"""——o"0— |1,
s .. —>
bang 0. Viy thdi gian ¢6  i¢c > [, chinh U
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1a thoi gian dam bao tat 74 cho T1. Hinh 5.3.7: Mach dién tinh todn ddo luu

Khio sit 1y thuy&t chuyén mach mém: Mmeém

Khéa K dé6ng mach v6i dp dong qua cdc phan tf mach nhu trén hinh 5.3.7

Lc 1 C L c
Imax L—— 4
Imax bi
IG ]0 max b—
tq tq | I e tt_:l
-t Wt ot

Hinh 5.3.8: dang dong qua tu dién v6i cdc ti s6 A khdc nhau nhung clng tg-

Tai t = 0, dong qua L khong thay déi tic thdi nén dong qua SCR van
bing Io, ta ¢6 pt:

a(A)

h{A
Vo +v, =0 ()
véiv, = dic. va lb:c%
dt dt 3 N
2,5 3\ et ]

= v, +LC—dUC =0; R Y
diéu kién diu vC(O):%; 15 //

) dv :

1, (0)= & 0)=0 7

1 (0) at 0) {
idira i —Z\/Zsina)t ///
: ©2\e 05 nA)Y 1
¢6 dang hinh sin

=
L~
e vV [L \
vdi bi€n dd Imm:? °
1 =
va tan s g6c @ = —
s VvLC
Nhu da gidi thi€u trén, thdi gian
0,1

ddm bdo tit 14 tuong Gng v6i thai gian T 7 25 3354455 6 78T
ic > lo, phy thudc hai thong s0 L, € (hay  tpph 5.3.9: Khdo sdt ham h(A) va g(A)

Lax va w).

wi 2 1
I, =1, cos—Lt=1t =—cos —2
2 w Ma

Piéu kién tdi vu dudc chon la t8i thi€u ning lugng tich tri trong L (hay C)
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va bi€n trung gian cho khdo sét1a A = Ly;,,/1,:

2
¢
Taco Wl 1% yragievsinay-—a
2 4 2cos (1/A) 8cos ' (1/A)
h(A) -->min§ A =1.55C6 thé suy ra:
Iz Iz Vi Vi
_ptete A jgeetete 1V 1 g5V
V 2(A) % 2 1 Ag(A) I

1 g(A) 0277
27JLC  2xt, t,
D€ y bé rong xung tdi thi€u (ddm bio diéu kién chuyén mach) 1a bing %
chu ky dao dong hay tan s6 cuc dai c6 thé cia BBD 14 f, va 4p ban ddu trén tu 1a
V/2.

V.4 UNG DUNG:

Tan sd dao dong riéng ctia mach LC: f, =

La thi€t bi cung cAp ngudn mdt chiéu thay ddi dugc, cic tdi cia BBD xung
4p mot chiéu ciing chinh 12 t3i cda sd dd chinh luvu nhung BBD lai lam viéc véi
ngudn modt chiéu. Vi vdy, pham vi tng dung ctia hai BBP that sy khong triing
nhau. Céc ¢ng dung cia BBD xung 4p mdt chiéu c6 thé chia 1am hai nhém:

- St dung ngudn mot chiéu dp khong ddi, cé thé 1a lusi dién mot chiéu hay
accu. Pay 1a cdc ing dung dic trung cia BBP xung 4p mot chiéu. Ngay nay ngoai
cac Iu6i mot chiéu cia hé thong giao thong cong cong bing dién da xdy dung tir
1au, chi phd bi€n cic ¢ng dung ngudn la accu hay pin.

- St dung ngudén mot chiéu chinh Ivu diod tir Iu6i xoay chiéu cong nghiép.
Nhém nay khai thic cdc vu di€m cia BBP xung 4p mdt chiéu ma chinh lvu diéu
khién pha khong thé c6 dugc 12 mach diéu khién va dong lyc don gidn, hé thong
tic dong nhanh va chit lugng diéu khién dé dang ning cao.

1.Nguyén Iy diéu khi€n bo bién doi:

C6 hai nguyén ly thudng diing: Piéu rong xung va so sianh cé tré.

_o\o_
S
Dao dong tam gidc on
“oB Phén hi

Udk TUL off

SO SANH SMIT +
Nguyén Iy diéu rong xung So sanh ¢ tré (Smit trigger)

Hinh 5.4.1
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O nguyén Iy didu rong xung (PWM), bd bién ddi c¢6 thé xem nhu mach
khué&ch dai tin hiéu:

Upk -->Mach Phat xung --> BBD --> dpra Vy

Mach phdt xung so sanh tin hiéu diéu khi€n Upg va séng mang u, . , thudng

PB
c6 dang tam gidc. Tir d@6 c6 thé suy ra quan hé giita d6 rong xung tuong d6i o va
Upxk . Khi thay ddi Upk dp ra Vy s& thay ddi, va viéc gilf ngd ra § dic tinh mong

mudn sé phu thudc vio hé thong diéu khién tu dong.

Khi st dung bo so sdnh c6 tré (sosdnh Smit), ta da két hgp mach thay d6i do
rong o va viéc diéu khi€n hé thdng. Bo so sinh c6 nhiém vu so sdnh dic tinh ngd
ra (phan hdi) va tin hiéu dit d€ déng ngit ngit dién:

Khi Pit > Phan hdi + A : HT tdc dong ngit dién d€ ting ngd ra.
Pit < Phdn hoi — A : HT tdc dong ngit dién d€ gidm ngd ra.

viing tré A dudc thém vao d€ gidm tin sd déng ngit. Hé thong PK nay don
gidn, chat lugng ngd ra dugc ddm bao nhung khong thé rit cao vi ngd ra ludn con
sai s0, tAn s& déng ngit thay ddi theo tdi. Nguyén 1y nay con cé cic tén: rd le c6
tré, diéu khié€n theo ap (dong) ngé ra.

So d6 diéu khi€n vong kin BBP xung 4p mot chiéu hoan toin giéng véi
ching lvu diéu khi€n pha, ciing c6 vong phan hoi dong dién va vong phan hodi dién
ap (hay toc do khi d6i tuong diéu khién 12 dong co). Nhung khi st dung cdc so db
han dong cuc dai, khéa tifc thdi cdc ngit dién khi dong vugt qud gia tri giéi han
nhu & hinh 4.18, c6 thé bd qua vong dong dién khi cong suit tai bé.

2. Piéu khié€n dong co mét chiéu:

Vi kha ning thay d6i dugc dién 4p mot chiéu ngd ra, bd bién ddi 4p mot
chiéu c6 thé st dung cho diéu khi€n dong co mot chiéu nhu cic so dd chinh luu .
C6 hai nh6m tng dung 16n:

* Stt dung cho cdc phudng tién van tdi st dung truyén dong dién. N6 thay
th€ cdc hé thong st dung dién trd va cdc ngit dién cd khi ¢d dién, c6 thém kha
ning thu hoi lai dong ning chuyén dong khi cho dong cd lam viéc trong ché do
ham t4i sinh (trd thainh mdy phat, dua ning lugng trd vé luSi mot chiéu).

* Piéu khi€n dong cd cong suit nhd 1am bd phan chap hanh trong cic hé
thong tu dong (truyén dong dong co chdp hanh — servo motor). Céc vu di€m 1a:

- T4c dong nhanh nhd 1am viéc & tin s6 cao, sd dd don gidn, kich thuéc bé.

- D& dang thyc hién sd do 1am viéc bon phan tu (ddo chiéu dong cd) so véi
chinh luu SCR.

Ngudi ta ciing ding BBD 4p mot chiéu cho diéu khi€n dong qua cdc nam
chim dién (solenoid) lam viéc trong ché do tuyén tinh, nguyén ly ciing twong tu
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nhu diéu khién dong co.
3. Céc b nguén mét chiéu - cap dién hay 6n ap xung:

B cap dién con goi la bd ngudn cho céc thi€t bi dién hay dién t& ding trong
do ludng, diéu khi€n, thong tin hay din dung ... , thudng cé cdc yéu ciu cao vé
chinh xéc, séng hai hay do nhdp nho ngd ra. Trudc day, cdc bd cap dién thudng sit
dung mach tuy&n tinh: Dién luéi dugc gidm 4p qua bi€n dp cdch ly, chinh luu diod,
loc phing va mach &n 4p tuyén tinh d€ giit 6n dinh 4p ngd ra. S0 d6 khdi nay tuy
ddm bao chit lugng ngd ra cao nhung cé6 mot s& nhugc diém: trong lugng cao vi sit
dung bi€n 4p gidm 4p 50Hz, hiéu suat thap vi tiéu tdn cong sudt qua phan ti sut
4ap. Viéc st dung bd bi€n ddi 4p mot chiéu khic phuc hai nhugc di€m nay nhung
bu lai mach dién phic tap hon va chit lugng ngd ra khong tot bing: @6 dn dp kém
hon va 4p ra khong thit sy phang. C6 hai sd @4 khdi chinh cho cAp dién xung:

a. St dung bo bién ddi dp mot chiéu thay cho mach dn dp tuyén tinh:

LuGi Téi
4
e OR E i i il o i

Bién ap 50Hz BBDXA 1C  Loc tdn S8 cao
Loc 50 Hz

Phdn hoi

Piéu khién

Hinh 5.4.2

Hinh 4.28 cho ta sd dd khdi bd cAp dién mot chiéu, trong d6 bo bi€n ddi
xung dién 4p mot chiéu dudc st dung thay cho mach 6n dp tuyén tinh. Hiéu suit
clia mach ting vi phan t cong sudt 1am viéc trong ché dd déng ngit thay cho
khéch dai. Hé thong loai nay thudng gip trong cdc thi€t bi sdn xuat cich day kha
lau, khi bdn dAn d6ng ngit & d4p cao chua phd bién.

b. Cap dién mdt chiéu s dung bi€n dp tin s6 cao: Hinh 5.4.3

Hiéu qua kinh t€ ctia cip dién dong ngit thyc sy rd rang khi st dung cdc bo
bi€n ddi xung & phia 4p lusi dién thé cao. Bi€n 4p cach ly 1u6i — tai lam viéc & tan
s6 cao c6 kich thudc, trong lugng bé va gid thanh ha 1am thay ddi hdn bo mit thiét
bi. B bién ddi xung 4p mot chiéu c6 hai dang:

(transistor hay MosFET).

LuGi Tai
L €
s— k| = F [ [=CO) | + e

Bign ap tan —
BBDXA 1C <p Loc tan sb cap
Loc 50 Hz S0 cao '
. . . . | Phdn hoi
Diéu khién Cachly K—— | Diéu khién
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Hinh 5.4.3

- Khi st dung bo diéu rong xung, phdi st dung bo bi€n ddi lam viéc bon
phan tu va k&t hop nguyén ly ddy kéo d€ bién ra 4p xoay chiéu — thuc chat 13 xay
dung bo nghich lvu, nhd d6 c6 thé ghép qua bién 4p tin sd cao.

Mach diéu khién gdm c6 hai bd phin c4ch ly dién v6i nhau: mot 13y tin hiéu
phan hdi tir tdi vd mot 14i mach cong sudt c6 dién ap ludi.
4. Nghich lvu:

BBD dp mot chiéu 13 co s§ dé xay dung bd nghich lvu: BBP DC = AC. Vi
du BBP 1am viéc 4 phan tu mit phing tai c6 thé 1a bo nghich luu mot pha khi tri
trung binh ngd ra bing khong va thanh phan hitu dung chinh 13 séng hai bac 1.

V.5 TOM TAT CHUONG:

Chuong 5 khdo sit cdic BBD dién 4p mot chiéu, gdm nhiéu sd d6 khdc nhau.
Bai gidng dic trong tim vao BBP dang FORWARD, 12 dang phd bi€n trong cong
nghiép. BBD dang FORWARD déng ngit ngudn cung cap cho tai, 4p ngd ra la
nhitng xung 4p chit nhat cé tri trung binh thay d6i theo d§ rong xung tuong ddi o .
Dong qua tai c6 L 1a nhitng xung tam gidc ( li€n tuc hay gian doan ) khi tinh todn
gin ding, nhap nhd cyc dai khi a=Y% .

Céc cong thic quan trong can nhé 1a: tinh tri trung binh, nhdp nhd cda 4p
(hay dong) ngd ra (hay ngit dién). Viéc khdo sit hé thdng BBD 4p mot chiéu — tai
ludn ludén dua vao nguyén ly x&€p chéng nhu da khdo sit bo chinh lvu. Ché do
dong gian doan ludn luén dugc dit ra khi BBD chi cho dong chdy mdt chiéu, hau
qud ctia né 1a 4p ra ludn cao hon gid tri tinh todn. Khi thi€t k& so b hay tinh todn
gan ding ta thudng gia thi€t 1a dong t3i lién tuc d€ bai todn dudc don gidn.

Muc V.3 gi6i thiéu mach tit SCR gém hai nhém citng va mém. Muc V .4
trinh bay cédc &ng dung, can ddi chi€u vé6i ng dung ctia chinh lvu (chuong 3) dé
thay su khdc biét ctia dic tinh hai BBP ¢6 ngd ra dién mot chiéu.

BAITAP VA CAU HOLI:

1. Cho BBP 4p mdt chiéu va mach diéu khi€n da don gidn héa nhu hinh BT1.a ,
trong d6 U1D la mach tao xung tam gidc trén tu C ( hinh BT1.b ), UIC la mach
ddo, UIA va UIB la hai mach so sanh ding khu€ch dai thuat todn. V& dang 4p ra
U, , tim quan hé tri trung binh 4p ra Vo/ V theo UDPK /UDB (UDPB la bién do
xung tam gidc). Néu cdc dic di€m cda phuong phdp diéu khi€n nay .

D€ don gidn, cho 4p ra bdo hoa ctia Khuéch dai thuit todn 1a 4p ngudn VCC
va sut 4p qua cdc moi noi transistor bing 0 .
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g A

; /\/\/\UDK

Hinh BT1.a Hinh BT1.b

2.. Cho mach chopper (bd bi€n ddi xung dién 4p mdt chiéu) 1am viéc % mit phing
tdi (hinh 4.3.a), c6 cdc thong so: R = 0.5 ohm, L = 0.02 henry, 4p nguén V =
550 V, va tan s6 lam viéc 5 kHz.

1HE

1. Tinh d9 rong xung tuong d6i o d€ dong qua tai bing 200 A khi sitc phan
diénEla 120 V.

2. Ciing v6i dong trung binh qua tai Io bing 200 A, tim L d€ nhap nho dong
dién ludén bé hon 20% clia dong trung binh Ip qua tdi véi moi gid tri cia a. ( khi d6
E sé& phdi thay doi khi thay ddi d€ Io luon bing 200 A )

Huéng din: cAu 1: tinh trung binh 4p ra, suy ra a..
ciu 2: nhap nhd dong qua tdi cuc dai khi o =%
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CHUONG6  NGHICH LUU BOC LAP VA BIEN TAN

Nghich luu ddc 1ap 1a bo bi€n ddi dién mot chiéu ra xoay chiéu vdi dién dp va tan sd ngd
ra c6 thé thay ddi cung cAp cho cdc tai xoay chiéu, phan biét véi nghich lvu phu thudc 1a ché do
dic biét cda chinh luu diéu khién pha, cho phép chuyén ning lugng tif phia mot chiéu vé luéi
xoay chiéu c6 4p va tdn s6 c¢6 dinh — khi géc diéu khién pha > 90 © da dugc nhic dén trong
chuong 3. Nghich Iuu doc 1ap dudc ng dung rong rii trong cong nghiép va dan dung, c6 thé phan
ra lam cdc nhom sau:

1. Ngé ra tdn sé cong nghiép (nhé hon 400 Hz) khong doi: cdc bd ngudn xoay chiéu ban
din st dung 1am ngudn cho cic thi€t bi dién thay th€ dién lugi. C6 thé k€ bo luu dién (UPS —
Uninterruped Power Supply) cung cidp ngudn lién tuc cho tdi, bd ddi tAn cung cAp dién cho cic
thi€t bi sit dung ngudn khéc tan s 1udi ...

2 Ngé ra tdn s6 cong nghiép thay doi: ding d€ diéu khién t6c d6 dong co xoay chiéu, ludn
c6 diu vao 1a dién lu6i nén con goi 1a bién tan.

3. Ngé ra trung tan hay cao tan:

Tt 500 Hz d&€n 25 KHz khi st dung SCR hay cao hon khi diing transistor 1a cidc bd ngudn
cho cdc cong nghé dién: nung néng dung dong dién cdm dng trong moi trudng din dién, hay
chuyén thanh rung dong siéu am clia cic vat liéu tir gido. Pic trung cia nhém nay 1a hé s6 cong
suat clia tai rat thap, cAn mic tu dién song song nén tdi c6 tinh cong hudng.

0 ddy tan s6 trén 25 KHz con c6 cdc bo nghich Ivu 1 pha 1am trung gian cho cdc bd bién
ddi 4p mot chiéu khi mudn st dung bi€n 4p tin s cao nhim gidm trong lugng va kich thudc thit
bi (cdc bd ngudn xung di gidi thiéu trong chuong 5). Trong cong nghiép con cé cic bd dao dong
cong sudt hinh sin stt dung dén dién i hay transistor, 1am viéc & tn s& tir 50 KHz dén vai MHz
diing cho tdi cao tan hay nung néng dién moi.

Khic v6i cic BBD di hoc, cdc so d6 nghich Iuu hoat dong rit khic nhau. Ngay cd khi
ciing s6 dd dong luc, c6 thé ding nhiéu cich diéu khién d€ cho ra tinh chi't khdc nhau.

VI.1 PHAN LOAI NGHICH LUU:

1. Nghich luu song song va ndi ti€p:

La cdc dang nghich luu st dung SCR cho déng ngit, ¢6 tu dién & mach tdi d€ dam bio
chuyén mach. Trong mach dién gdm R tai, tv cAm L va dién dung C tao thanh mach cong hudng
LCR, 1am cho dong qua SCR gidm vé zero va SCR tu tit. Hinh 6.1.1 bao gdm hai mach nghich luu
song song: (a) 1a s6 dd cau, (b) 1a sd d6 ghép bién 4p; ( ) twong ng vSi nghich lvu ndi tiép.

—1 ]!
SCR‘ﬁ - c

N
c SCR2 7
v F S v v 2>

SCRZ sora
¥ ¥ SCR1 SCR2 R

(a) (b) (c)

Hinh 6.1.1: Nghich luu néi ti€p (c) va song song (a. so dd cdu; b. so do bign ap co diém gitia).

T

. Sz SCR3 Yy

wn
(@]
p)
[
(@]
-
%)

+
1%}
+
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a. Nghich luu song song: (hinh 6.1.1.a va .b)
Dang séng cdc phan tif trén so d 6.1.1.a dugc vé trén hinh 6.1.2.b. Cac SCR 1 va SCR 4

c6 cling dang xung kich ciing nhu SCR 2 va SCR3. Khi SCR 1 va SCR 4 din dién, tu dién C dugc
nap dé&n dién 4p c6 cuc tinh nhu trén hinh vé. Dién 4p nay sé dit dién 4p 4m vao SCR 1 va SCR

4, lam tat ching khi ta kich /—\ ve v ]
SCR2 va SCR3. Tw cAm L &

\ +V
T\ an \yan P
, \ - / \\_/‘ v

dién cung cap vao cau chinh

luu khong thay d6i tic thoi,

tranh khd nang chip mach \Yu ‘

tam thdi qua SCR 1 va SCR / " /
2 (hay SCR 3 va SCR 4) khi \ / t ﬁfrtq /

cdc SCR chuyén mach.

dau vao cich ly ngudn va
cAu chinh luu, 1am cho dong /

Lot

L GT2

Do ¢6 ty cam § giita (a) (b)
b nghich luu va nguon nén  inp 6.1.2: Dang 4p, dong clia NL ndi tiép (a) va song song (b)
Tri s6 va dang 4p ngd ra thay d6i theo dic tinh tai. Trén hinh 6.1.2b, 4p ra khong con dang xung
vudng va c6 thé gin giong hinh sin khi tdi c6 tf cdm (tai RL).

b. Nghich luu noi tiép: (hinh 6.1.1.¢)

Mach dién hinh 6.1.1.c la dang don gidn nh4t trong nhém mach nghich Ivu ndi ti€p, c6
mach tuong duong 1a LCR ndi ti€p khi SCR dan dién. Vi du nhu khi SCR 1 dugc kich, dong qua
mach s& vé& khong khi 4p trén tu dién dat gia tri cuc dai (c6 dau nhu trén mach dién) va SCR sé tu
tat. Vi th€ mach con goi 12 nghich Ivu chuyén mach tai. Khi SCR 2 dugc kich, tu dién s& phdng
qua né va dong vé khong khi 4p trén tu dién dido cuc tinh, chuin bi cho chu ky k€& ti€p — dang
song hinh 6.1.2.a.

Hai mach nghich Ivu nay dudc ding lam bo ngudn trung hay cao tan (nhém thif 3 trong
phan gidi thiéu & diu chuong). Vi nhu vy, ngoai nhiém vu tit (chuyén mach) SCR, cic tu dién
trong hai nghich luu nay con 1a mot phan clia tai, gép phan vao viéc cdi thién hé s§ cong suit cia
mach.

2. Nghich luu ngudn dong va ngudn ap:
a. Nghich luu nguon dong:

—Pp—r
fIN N wl l R 1
‘c
s1 . S3 1 ;
. l_OQTal RL @ Ucl Le
i
o) L
‘c
- s2 S4 Mach tuong duong
(C1a tu chuyén
L\ N
mach) Hinh 6.1.3

La mach nghich luu ¢6 L biing v6 cling & ngd vao, 1am cho tdng trd trong cia ngudn cé
gid tri 16n: tdi lam viéc v6i ngudén dong. Hinh 6.1.3 trinh bay sd dd nguyén Iy va mach tuong
duong ciia NL ngudén dong mot pha tdi RL. Dong ngudn iy phing, khong d6i & mot gia tri tai,
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dudc déng ngit thanh dong AC cung cap cho tai:

S1, S4 d@éng:ip > 0;S2,S3 déng:ip < 0

Viy tai nhian dugc dong dién AC 1a nhitng xung vudng c6 bién d6 phu thudc tai.

b. Nghich luu nguon dp:

Hinh 5.4 trinh bay so dd nguyén ly va mach twong duong ctia NL ngudn dp mdt pha. Pic
trung ctia NL ngudn dp 14 ngudn c6 téng trd trong biing khong (1a accu hay c6 dién dung rat 16n &

ngd ra) d€ c6 thé cung cAp hay nhian dong tdi. Mot dic trung khic 12 ngit dién ludn c6 diod song
song ngudc d€ ning lugng tir tdi c6 thé tu do trd vé ngudn.

Ap ngudn mot chiéu dugc déng ngit thanh nhitng xung 4p hinh vudng c6 bién do xdc dinh
dé€ cung cap cho tai.

N

<
\|
1T

7
zs2 S4
- Mach tuong duong
S Hinh 6.1.4

VI.2 KHAO SAT NGHICH LUU NGUGN DONG:
1. So @6 méot pha :
- Khdo sdt truong hop don gidn: tdi R, tf cAm ngudn rat 16n.

Mach dién hinh 6.1.1(a) va (b) cho ta dang co ban cia NL ngudén dong mot pha 1a viéc &
tan s cao. Tu C tao ra kha ning chuyén mach ctia bo nghich Ivu. SCR 1 va 4 khi dugc kich cung
cAp xung dong dudng cho tdi , nap tu C theo cuc tinh nhu hinh v& chuin bi tit ching theo nguyén
tat chuyén mach citng. Kich SCR 2 va 3 s& 1am SCR 1 va 4 tit va cung cAp xung dong Am cho t3i.

Khdao sat chu ky tya xdc 1ap mach dién hinh 6.1.1.a:
Ly c6 tri s6 it 16n = dong ngudn phing, bing 1.
Kich SCR 1 va 4, ¢6 cic phuong trinh:

1=Y%,c%
R

=v,=A+Be"* 0, (0)=+V,=A+B <6.2.1>

v6iv,(0) = +V,, 1a gid tri dau

sau 1/2 chu ky, vo(g) = -V, (vitinh d6i xing) = -V, = A+ Be """ <6.2.2>

Tich phan cong suit qua cudn diy L trong chu ky:
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PL=O=£ T/2

IV —v)di =2 "2 (V = v,)dt =
Tl IV -vdt = [V —v)dt =0

T/2
hay EJ'T/ZUDdt =V= vr = [At - LBe”RC} <6.2.3>
T Jo 2 RC 0

V(l + o T/2RC _ Ze—t/RC)

(1+e7/20) _@(1 B e_T/ch)
T

suyra: v, (¢) =

khi chuyén vé hé don vi tuong dd1i, khi dit 6 = ot = 2?ﬂt; k =wRC:

v,(0) l+e ™% —2e %%

\% (1 + e—;z/k) _%(1 _ e—;r/k)

T

<6.2.4>

D6 thi dién 4p trén cdc phan tif va dp ra tdi & hé don vi twong ddi vo(0)/V véi cdc gid tri k
khac nhau dudc trinh bay trén hinh 6.2.1 (a) va (b). Nhdn xét 1a cdc quan hé cé dang ham md, thgi
gian v <0 chinh 1a thdi gian ddm béo tit tg cho cic SCR.

; |
1 . _o
_ | | | 14

= S
. — -2 N —
o f | : :Er"
” A | #=2 6
T I — -4 £
Mg 4 t ] 04 a8 10 T
(a) (b)

Hinh 6.2.1: (a) 1a dang ap, dong qua cac phan tl va (b) vy(8)/V vGi cac gid tri k khac nhau.

Bai tdp: tinh gid tri ciia tq, tinh gid tri 1 ciia dong chdy qua nguon.

~T/2RC _ 5 ,tq/RC

Hudng din: vo(tq) =0 =>1+e =0=>tg

P=VI-= ijmidt I S L
T R VT’ R
- Khdo sdt truong hop thuc t¢: taila RL, va dién khiang ngudn khong vo cling 16n. Khi d6
cdc dang dong, 4p c6 tinh dao dong, 4p trén tu C sau khi qua gid tri cuc dai s& gidm xudng, kéo
theo gidm #q, nhit 1a khi tin s6 lam viéc thap. Khi d6, ngudi ta dung céc diod chin, cho phép giit
ap trén tu § gid tri max - hinh 6.2.2 (a) va (b).
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& Y
L
.z SCR3 Y7
* SCRL | C1 )
T v
+ - v
<+ D1 - D3 C C
v R
<+ D2 - D4 t f
1(C2
SCR2 e
- ¥ scra ¥
&

Khél’lg Diod Chén C6 Diod chin
Hinh 6.2.2.(a) mach dong luc va (b) dang &p ra c6 va khéng co diod chan.

- Khdo sdt gan ding nghich luu nguon dong: Trong thuc t&, tdi thudng 1a RL. Khi tinh todn
gan ding, ta c6 cdc gia thi€t sau du dién khang ngudn khong 16n vo cling:

"N
L4

* Xung dong cung cip cho tdi la xung hinh L

vudng, bi€n do L. ;
9 . N N < A 9, L C

* Ty C va tai RL lam thanh mac loc cong hudng, il C?> L Y
< P A 9 . 2 < . N ~ P (Y
lam cho 4p trén tai ve c6 dang hinh sin va nhu vay chi c

P AP PN T R R

c6 song hai bac 1 cua dong cung cip la i; tao ra cdng ,‘\
Suat.

Mach tirong duong dugc vé trén hinh 6.2.3.akhi ~ inn 6:2:3:2

chi xét thanh phan co ban (bac 1). Hinh 6.2.3.b cho ta c4c vector: V¢ 12 dp ra, I; 1a hai co ban clia
dong ra ip; Ic, IL 1an lugt 1a dong qua C va tdi RL, ta c6:

Ve la dpra, 1éch dong ra I, géc ¢ ctia tdi RL. I; sém pha V¢ géc B d€ c6 4p Am can thiét
tit dugc cac SCR (phan gach ditng tronghinh 6.2.3.¢).

Ve

wt

Io

I
1 é IL

SCR 1 va 4 din | kich SCR 2wa 3

Hinh 6.2.3.b va c.
Tacoé -gbécléchpha = awiq.
- Hiéu dung hai bac nhat dong ip 1a 1, :a¥1 v6i a=18&sddo 1 pha va %
& so dd 3 pha ( dung cong thitc & phadn VI.3.1, hinh 6.3.1).

Tir @ thi vec td, ta c6:
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I,
L-Ising 1™ 1_Bsing I, v, 1
tan g =-¢——L = ¢ = - véi B="L="L—__ _ 71atdngtr§ tdi RL,
I, .cos¢ I—L.cosgb B.cos¢ I, Y, oCZ
C

1-Bsing

Z=+R*+wL)* va tacé6 L=tan"
(i) v f=tan [Bcos¢

]. D€ tinh cdc dong, 4p ta tinh cong suit P bing

hai cdch tif nguén mot chiéu (cung cip) va tdi (tiéu thu) khi xem hiéu suit hé théng bing 1:
Vs 1

_— V
a.2/2 cos o)

Tur 4p ngd ra Ve c6 thé suy ra cong sudt P ctia mach va dong ngudn 1.

P=VI=V,I .cosf= VC.a.&I.cosﬂ: V.=
Vs

Bai tdp: Tinh mach nghich luu nguén dong so do mét pha. Ap nguon mot chiéu 500 V, tan
s6 lamviéc 1 KHz, R = 15 ohmva L = 0.001 H

- Tinh gid tri dién dung C dé ddam bdo thoi gian tdt SCR la 30 usec.
- Tinh gid tri hiéu dung dp ra V¢, suy ra cong sudt trén tdi P va dong nguon I.

2. S¢ d6 ba pha : (hinh 6.2.4.b)

D€ tao ra hé thdng ba pha, cic ngit dién phai | Logic ba pha:
dugc déng ngit theo mot thit ty khong thay ddi ddi vdi
cdc hé thong ba pha, goi 1a LOGIC BA PHA. Nghich
luu ngudn dong st dung logic ba pha c6 hai ngit dién | thom + S1 —> 82 - 83 —> 31
lam viéc cung lic. PAy ciing chinh 1a thi ty diéu khién | phém — S6 —> S4 —> S5 —> S6
cdc SCR trong chinh luu ciu ba pha. Nhian xét 1a & day
chi ¢6 hai ngit dién lam viéc cung lic vi dong ngudn

( hai ngdt dién lam viéc cung ldc ).

chung S1 —> S6 —> S2 —> S4 —> S3 —> S5

khong d6i (ngudn dong) chi c6 thé chay qua mdt SCR ctia nhém + mdt SCR ctia nhém — . Vi du
khi S1, S6 dang din, S2 dugc kich s& 1am tit S1 (Hinh 6.2.4.a).
& L'_'OO
Ly L=
S1
S4

ol
B

S1 S2 S3 ¢
s5 | s6 S4 S5

+
v, \4

se\,

(a)
Hinh 6.2.4: Dang ap, dong clia NL ngudn dong 3 pha (a) mach dong luc (b)

(b)

Hinh 6.2.4 cho ta cidc dang séng vad mach nguyén ly clia nghich luu ngudn dong 3 pha.
Dong ngudn, xem nhu khong d6i & mot trang thai cda tai, duwoc phian bd cho cdc SCR nhu hinh
(a): mdi lic chi c6 hai SCR lam viéc, xung dong trén mdi pha c6 dang chit nhat, 4p ra thay ddi
theo dic tinh tdi. Ciing giéng nhu nghich lvu mot pha, dong qua tdi i4 sém pha hon dién dp va
(hinh 6.2.4.a). P4y chinh 13 diéu kién d€ c6 su chuyén mach: khi xem tu chuyén mach I thanh
phan cda tdi, tdi s& c6 tinh dung va dit dugc 4p Am vao SCR dang din khi SCR mdi dudgc kich.

Viéc tinh todn gin ding nghich luu nguén dong 3 pha thyc hién giéng nhu so dd6 mot pha
nhung vdi quan hé giita bién do va thanh phin cd ban (hé sd a) clia dong dién thay d6i.
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Mot nhan xét khéc 1a ning lugng chi chdy mot chiéu tir ngudn qua tii, 1am 4p ra thay ddi
theo tai, ting cao khi khong tai vi ning lugng tich trit § tdi ting cao.

Ta c6 thé thay ddi 4p ra bing cach thay ddi 4p ngudn hay mic song song vdi tdi mdt mach
diéu chinh cong suat phin khing.

Hinh 6.2.5.a cho ta mét vi du vé nghich luu nguén dong cu thé. Cé thé thdy ddy la suw phdt
trién ciia so dé 6.2.2.a thanh ba pha, SCR dang dén sé tdt khi mét SCR néi chung anod (catod)
dugc kich theo logic mdi liic ¢6 hai ngdt dién lam viéc. Qud trinh tdt T1 khi T3 duoc kich duoc vé
trén hinh (b), cdc tu dién sé ddt dp am vao T1 va nap dén cuc tinh nguoc lai, chudn bi tdt T3 &
xung dong ké tiép. Cdc diod dugc thém vao dé trdanh tinh trang tu dién C bi xd qua tdi & tan s6
lam viéc thdp. Hinh (c) cho ta cdc dang séng trén cdc phdn tit ciia mach.

Ly
+ o—— YN L ; , A 2x
p c1 Y12 73
i +u"$ fli'; 7
4
c3
1L 2
L 5
yor Yoz 3
6
i
Uy 0 ¢l
. 4
04 ¢y YOS “H-
1L L
r IF 0 %
s c5
3 ;
Y Yrn Y L
—_0 0
a) B
i3
0 4
T
lt>|l’J ”72 P — P~
0/ //
174 D1
oo o N ®
14 l:l iL1 P
L L / ] .&
02 ] \r’/
Uy Pt ”31& -
7 e
L2 9 < v \\ﬂ
L
Jf 06 4 rt A
o P—o— [ | 0 A
[ - I 5
b) b3 c)

Hinh 6.2.5: Sd do, dang ap, dong clia mdt NL ngudn dong 3 pha .
VL3 KHAO SAT NGHICH LUU NGUON AP:

1. S¢ d6 mot pha :

C6 thé xem BBP 4p mot chiéu lam viéc 4 phan tu diéu khién chung & chuong 4 vdi 4p ra
c6 tri trung binh bing khong 12 mdt trong nhitng bo nghich luu ngudn 4p mot pha, duge goi 1a so
dd cAu khi diing 4 ngit dién (hinh 6.1.4) hay nifa cau diing hai ngudn (hinh 5.1.8).

Hinh 6.3.1 cho ta hai dang mach khac cdia nghich luu ngudn 4p 1 pha ngoai so dd cau hinh
6.1.4, 1a sd dd nira cau ding mdt ngudn (a) va so @6 diy kéo (b). Hai s dd nay chi c6 thé ding
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cho c4c bd nghich Iuu vi cAu phan 4p diing tu va bién 4p chi lam viéc véi tin hiéu xoay chiéu.
C6 thé nhan xét dé dang 13 trinh ty déng ngit cdc ngit dién cud cidc so dd nay sé giong

nhu & BBD 4p mdt chiéu lam viéc 4 phin tr
dim béo trung binh 4p ra bing khong.

nhung luit diéu khién sé thay d6i, co ban nhat 12

\%

Céc ngit dién nhu vay phdi
c6 khd ning déng ngit theo sd dd
diéu khién, khong phu thudc tai.
Hién nay & cip cong sudt dudi 100
kW ngudi ta thuong dung linh kién
ho transistor ( IGBT, transistor
Darlington, MosFET) va c6 thé diing
SCR + mach tit hay GTO & cong suat

)|

~
~

Yl

+
+—=a
+

I
T

%

cao hon.

Viéc tinh todn dang dong, 4p gy 6.

l 0
W
D1
c1 s1
T
VO
c2 52} Dzéx N sz} DZA
(a) b)

(
3.1: NL ngudn ap, so d6 mot pha

& tdi RL c6 thé ding cdc cong thitc da xay dung trong chuong 5.

2.S¢ d6 ba pha :

Nghich luu ngudn 4p nhiéu pha c6 thé b

ao gdm nhiéu bo nghich luvu mot pha lam viéc 1éch

pha mdt géc qui dinh cda hé nhiéu pha tuong tng, vi du 2n/3 & hé 3 pha. Thudng gip nhit la
nghich luu nhiéu pha dudc tao thanh tir nhitng nita ciu nhu hinh 6.3.2.b 1a so d4 ba pha, gom 3
nh4nh 1am viéc 1éch nhau 27/3 tirng d6i mot. Vi ngudn 13 ngudn dp va ¢ diod phéng dién song
song v6i mdi ngit dién, ning lugng truyén dugc hai chiéu giita ngudn va tai lam cho 4p ra c6
dang cdc xung vudng c6 bién dd 13 bién do 4p ngudn. Khic vdi nghich Ivu ngudn dong, nghich luu

ngudn 4p ba pha c6 thé sit dung logic ba pha c6

Hinh 6.3.2.a gébm dang xung diéu
khién cdc ngit ngit dién, dang 4p, dong ra
tdi RL clia mot so do nghich luu ba pha
ngudn 4p. Nhan xét 13 mdi lic c6 3 ngit

hai hay ba ngdt dién Iam viéc cing lic.

Logic ba pha:

( ba ngdt dién lam viéc cang lic).

pha A S1 - 54 - S1

pha B S2 - S5 - 82
pha C 6 — S3 - S6

S$1->86—>52->54->53->55->51

s\ Zs P\ Ax P2gp\ & BB
A B C
LS LS LS

s4\ & . SS\T 7 P° 56\T 7 PP

\r

dién lam viéc. Dang dong va dp pha vé trén
hinh 5.11.a 12 cda mach t3i RL ndi Y.
. SI | . S4 | Q
S5 | . S2 +
| . S6 [ . S3
UAB
R \%4
by
Uy _
|
N S
Hinh

dong

(b)

6.3.2: NL ngudn ap ba pha, cac dang song (a) va mach
lic (b).

Dang séng ngd ra nghich luu ngudn 4p 3 pha c6 dang xung diéu khién hinh 6.3.2a dudc goi
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12 dang séng 6 ndc, dugc xem la cin ban cho viéc khdo st dic tinh NL ngudn 4p ba pha.

D€ tinh todn 4p ngd ra nghich luu ngudn 4p, ngudi ta thudng gid st nhu ngudn cé di€m
gitta n, 4p cdc pha van, UBn, Ucn, 4p day UaB , UBc , Uca c6 cdc quan hé:
Uap =Van ~Upy,
UBC = an - an

Uca =VUcp —VUsn
Upp tUge +Ues =0

Khi diéu khi€n S1=S4 (S1 va S4 1am viéc ngugc pha), ta ¢c6 thé ching minh 1a cdc 4p
pha Uan, UBn, Ucn VA céc dp day hoan toan xdc dinh tir luat diéu khi€n cdc ngit dién. Hé thdng
nhu viy con goi 12 diéu khi€n hoan toan (toan phin). Hé thong dudc goi 1a diéu khién khong
hoan toan n€u c¢6 khodng thdi gian ca hai ngit dién clia nia cau déu khong lam viéc. Khi d6, 4p
ra s& phu thudc vao dong phéng dién qua diod, va nhu vy ap ra sé phu thudc tai.

Hinh 6.3.2.a cho thdy 4p diy vap 13 xung vudng. P& tinh cdc 4p pha tai, ta gid st tdi ndi
hinh sao, d8i xing va c6 trung tinh 12 N. Ta c¢6 cdc quan hé sau khi bé qua chi s6 N clia 4p pha tai:

1
U =V, — U UAZE(UAB_UCA)
Upc =VUp ~ V¢ 1
suy ra: Up =—(Uge —Uap)
Upp =V — Uy 3

_ 1
Vg +0p +00 =0 vCZE(UCA_UBC)

Tir day c6 thé tinh dugc 4p pha va c6 dang nac thang va khio st trong mot chu ky tua xdc
1ap dang dong bao gdm céc doan ham mii 12 dong dién qua RL khi 4p thay d6i nhdy cip.

1
vA = 5 (2vAn - an - an)

4 9 . 2 92 A . 1
Ciing c6 thé tinh 4p pha tai theo 4p ngo ra bo nghich luvu: v, = 5(2’)3" —Uu, —Ucy)

1
Uc = g (2v¢, — V4, —Ug,)

khi d€ § v,, =v, +Uy,, Ug, =Up +Upn,> Vg, =Uc +Uy, VOi Uny 12 dp gitta trung tinh N
clia tai va trung tinh ngudn n va v,, + vy, +U, =30y, . Céc cong thic nay khong phu thudc
vao nguyén ly hoat dong clia s6 dd nghich luu ba pha.

Khéc vdi nghich Ivu ngudn dong chi c6 mot so @6 diéu khién nhu di trinh bay, nghich luu
ngudn 4p c6 thé dugc diéu khién biing nhiéu thuit todn khic nhau.
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3. Nghich luu da bic (nhiéu néc):

Muc dich 1am cho dang 4p ra gin vdi
hinh sin hon (hinh 5.12).

Cé6 nhiéu cdch thuc hién NL da bac:

- Stt dung ngudn c6 nhiéu cap dién 4p
va nhiéu ngit dién ndi ti€p.

- N&i ti€p nhiéu bd NL mdt pha c6
ngudn riéng (cell nghich luu mot pha).

- Noi ti€p nhiéu bd NL mdt pha lam
viéc léch pha qua bi€n 4p ngd ra.

TC 2KL

wt

Hinh 6.3.3: Dang song dp ra NL 5 ndc dién ap.

a. Nghich luu nhiéu bdc diing ngudn nhiéu cdp dién dp: (hinh 6.3.3)

- Nhiéu cap 4p ngudn diing tu phan 4p.
- S6 cip bing s6 tu diénn + 1.

- nguyén Iy 1am viéc: Ngit dién phia trong (S13 hay S23) chi dugc khda khi ngdt dién
ngoainé (S12 hay S22) da khéa va nhu th€ mdt cAp dién dp sé dudc ndi vao tai qua diod kep khi

cdc ngdt dién gitta n6 va tailam viéc.

Hinh 6.3.4:

a. Nguyén Iy NL ndm ndc dung ngudn nhiéu cap dién ap

b. Thuc hién nguyén Iy hinh a. bing s¢ dd dung diod

kep(D11 .. D21)

&
+
C —=
V/2 [ S
C —=
. v
= D23 0
C p— u
N
D22 \‘} S23
V/2 K
D21 S22
C —=
_ S21
&

b. Nghich luu nhiéu bdc diing cdc cell nghich luu mot pha: (hinh 5.15)

~

_JDDF_

~

H

L

- A
E13 4|1 H
B

E11 L1 H E12
~l 0=

H

~

7 e

L H

23 L[ 1 H

e21 L1 H 22
=l 10 =

H

~

= HH F——o

3t L1H e32 L)iH

£33 L[ 1 H
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Hinh 6.3.5.a; Mdt cell nghich luu mdt pha  Hinh 6.3.5.b: Nghich luu da bac ba pha dung t6 hop ba
va ky higu (vé véi tai R) cell nghich Iuu mot pha cho mdi pha tai.

- Nhu ¢6 thé nhan xét trong phdn khio sit NL ba pha siu nic, cic dang 4p nic thang nay
dudc tao ra titr viéc cOng (trtt) cdc dang xung vudng lam vi€c 1€ch pha nhau. Khi ta cdng (trir)
nhiéu 4p ra cia NL mot pha, ta ¢6 thé tdng hdp dugc dang ap nghich lvu da bac.

- S& bac: Mdi cell ¢6 thé ¢6 3 mic: +V, 0, -V; trén mdt nhanh c6 N cell tao thinh 2N+1
bac.

Nghich luu da bac cho phép tao ra cong suat 16n, 4p cao tir cdc cell cong sut bé, ap thap.
Tuy nhién, BBP yéu cau c4dc ngudén mot chiéu cach ly v6i nhau.

c. Nghich luu da bdc ghép bién dp ngé ra: (hinh 6.3.6)

- M&i cip c6 bé rong nhu nhau.

- St dung bién 4p dé€ cong cdc xung vudng thanh 4p nic thang.
- S& bac bing 2 1an s6 bd nghich luu mdt pha.

- Pon gidn nhdt nhung kich thudc 16n, hiéu sudt khong cao.

& NL1

Ngudn
mot chi€u

NL2

Hinh 6.3.6: Nguyén Iy cdng hai dang ap nghich luu
dung bi&n 4p dé tao ra dang séng ndc thang ,
Hinh 6.3.7.b: Dang song 12 n4c thang

Bang tong hgp ap 3 pha ti 6 thanh phdn 1 pha léch 30% 2
Pha | Ul U2 U3 U4 U5 U6
Al 1| U B | 1| -2/4B i3
N3 |1 23] 1 | 143
C -1 ]-2/3]-1]-1\3 1/43 C Us5Us 1 U2 U3
A Ul U2 U3 UA U5 Us

. . . B
Hinh 6.3.7.a: Tong hgp dang song 12 ndc tir 6 ngudn Ul Uz Us U Us UG

nghich luu mot pha
Hinh 6.3.7 gidi thich nguyén 1y tdng hop dang séng 12 nic thang ba pha tir 6 bd NL mdt
pha lam viéc 1éch 30°, ddu — cho biét phai ddo cuc tinh cudén day. MAi pha tii dudc cung cip
bing mach ndi ti€p 5 cudn thi¥ cip cda bi€n 4p ngd ra cdc bd NL mdt pha vSi bién do c6 ti 1&
theo bang trén hinh 6.3.7.a.

4. Tinh todn gan ddng nghich luu ngudn 4p:

Ung dung mach tudng duong hinh 6.3.8 khi xem séng hai bic cao ¢6 tic dung khong ddng
k€. vz, i7 12 thanh phin co ban (bac 1, tin s6 géc w), TAI chinh 1a mach twong dudng cla phu ti,
dugc tinh & tin s6 1am viéc w.
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Ngudn vy c6 tri hiéu dung dudc tinh tir khai tri€n Fourier _’z—‘
ap ngd ra BBD (muc VI.4). T mach tuong dudng, ta tinh dugc 1
dong tai (xem nhu bing i; ), cong sult ti€u thu, suy ra nhu hoat ) @ Q%
dong cla tai. 1 &~
P& danh gia tic dung clia 4p ra BBD khong hinh sin, ta
ti€p tuc st dung nguyén 1y x&p chong dé tinh todn dong, 4p, cong

suat cla cdc séng hai bic cao, cong viéc cling tuong tu nhu tinh

_ . Hinh 6.3.8: Tinh todn gan ding
todn vdi thanh phan cd ban.

nghich Iuu ngudn ap
V1.4 PIEU KHIEN AP RA VA HAN CHE

Vo

SONG HAI: . [
1. Phan tich song hai dién ap: a2 wt

Dang séng diéu rong xung trén hinh

6.4.1 cho phép ta phan tich song hai hiu hét cdc | 0 641 Dang xung c6 ban cho phan tich séng
dang 4p ra clia mach nghich luu nguén 4p hai nghich Iu’u'

thudng gip. Truc tung dugc ddi dén vi tri truc ddi xtiing xung dp c6 bé rong a d€ khai trién Fourier
clia 4p ra khong c6 thanh phan sin. Ngoai ra, vi 4p ra c6 n/2 1a tAm d6i xing, séng hai 4p ra
khong c6 tin s bdi chdn (n #2Kk):

v= Y V,cos(nwt) k=0,1,2,3... vditich phan theo bi€n wt:

n=2k+l1

5 /2 /2
V, = %J.o v cos(nwt )dwt = %fﬁ/ U cos(nwt)dwt = %J.ila LV cos(nwt)dwt €41>
O L A
1
54V

- o _ _ 4V _ 4V 4V _ 4V 4V
Khi a = 7 /2 (xung chit nhat) n=1,3,5,7,9..= V =40 4L 4V IV 2V (-1)

n

nrw
Baitap 6.1:
1. Chitng minh dang song léch pha hinh 5.10 c6 goc léch pha 0 = 2z / k khong cé hai bdc
boi k:
Khi hai nita cdu diéu khién léch pha 0= 27/ k, bé rong xung sé la 6 va bién dj cdc song

hai la Vi, = 2LsinBE |V, =0 khin la boi s ciia k.

Vi thé trong cdc by nghich luu ba pha, tdi khong bao gio cé hai boi 3 vi cdc pha duoc diéu
khién léch nhau 27/ 3 va ta c6 thé bé qua hai boi 3 trong viéc tinh todn séng hai dién dp ngé ra.

2. Chitng minh & DANG SONG 6 NAC hinh 6.3.2a:
- cdc thanh phdn Fourier ciia dp ddy van bing 3 cdc thanh phan tuong iing ciia dp pha.

- Ti 56 gita cdc séng hai bdc cao trén thanh phdn co bdn (bdc 1) ciia dp ddy va dp pha la
nhu nhau.
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2. Piéu khié€n 4p ra:
P U/ Udm
Diéu khién 4p ra 12 mdt yéu ciu cin thi€t cho
cdc bo nghich Iuu vi:
- Giit 6n dinh dién 4p ngd ra, tranh cic sut ap
do tai, ngudn va ca do cdc phan t trong mach. (b)
- Ap ra can diéu khi€n theo yéu ciu ciia tai. Vi (a) f

du nhu véi tai dong co, khi 1am viéc véi ngudn 4p cian
cung cAp dién 4p ti 1& vdi tin s6 1am viéc d€ dong co
khong bi bao hoa.

Hinh 6.4.2: Pdc tinh U / f = hing so
theo Iy thuy&t (a) va thuc t& (b)

! R, »

S3 : : |
I, 6 T ” iy /271:
Sr=-S2 | [

{84 : I 83= -54, I :

(b)
Hinh 6.4.3: Diéu khién 4p ra bing léch pha

Ta c6 cac phuong phap sau:
a. Thay déi dp nguon cung cdp:

Lam bién do 4p ra thay ddi, thudng si dung khi nghich Iuu 12 ngudn dong hay dp ra c6 dang c&
dinh. Khi d6, bd NL thudng dudc cung cip dién DC tir bd ngudn chinh lvu diéu khién pha hay qua
BBDP ap DC.

b. Diéu ché dp réng xung: Mot xung va nhi€u xung.

Mach diéu khién phiic tap hon vi k&€t hdp ca diéu khi€n 4p va tin s6 vao cling so dd nhung
mach dong lyc don gidn va kinh t€ hon.

C6 hai trudng hgp: dk hoan toan khi luén c6 1 ngit dién 1am viéc & mot nira cau hay dk
khong hoan toan khi ¢6 lic khong c6 ngit dién lam viéc. Khi diéu khién hoan toan, 4p ra dudc
x4c dinh tir luat diéu khién ngugc lai v6i dk khong hoan toan vi khi khong cé ngit dién lam viéc
trén nhanh nita cau, 4p ngd ra phu thudc dong phéng dién (hinh 5.21 va 5.22).

v, |-t l v ve
' t

T

S1=-S2 . . | . . .
T T T T T T —l S1
se=-s3T] [ [, [ [0 [
— s
Hinh 6.4.4: So do diéu rong nhiéu xung (NL mot pha) khi Hinh 6.4.5: Dang &p, dong NL ngu6n ap mot
diéu khién hoan toan (so do cau hay hai ngut‘in) pha khi diéu khién khong hoan toan (mach

dong Iyc hinh 6.3.1)
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Vi du 6.1: Tinh todn dang dong ciia by nghich luu 1 pha, so do cdu vdi diéu khién léch pha

hinh 6.4.3. Ap nguon V, tdi RL, chu ky T, géc léch pha diéu khién O, dd rong xung dp
q= T~(Tc— 9)/ 2n, q tinh bang gidy.

Xét chu ky tuc xdc ldp, khi dong dién ldp lai theo chu ky T.
Goi gid tri dong qua tdi khit = 0 la I; . Ta cé phuong trinh vi phdn khi S1, S4 dong:

V= L% + Ri vdi didu kién ddu i (0) = I,

suy ra i=%+(ll —%)-e_tlr véit=LI/R.Khit=gq,i=1Lvdi

I, = %+(]1 —%)-e_q/T <vd6.1.1> . Liic nay, S4 ngdt, S3 déng. Dong qua tdi khéng thay
doi tikc thoi,chdy qua S1, D3. Ta cé phuong trinh vi phdn:

0= L +Rl vdi diéu kién dau i (0) = I, khi ldy lai gbc toa dj. suy ra

L=12 et Kni tzg—q, i =-1;vicé su dbi xitng hai bdan ky dwong va am; ta cé

T_q);
—I,=1I,-e (5-al< <vd6.1.2>
Cdc pt <vd6.1.1>, <vd6.1.2> cho phép ta tinh duoc cdc gid tri I;, I, va vé duoc dang dong

tdi.
T
- {Zg)s
L _vie?t :—Iz-e_(z_q)/T _ve i, (b=
B —1+e—T/2T R 1+e—T/21:
e lais khi 2 thi I Ve_T/ZT_l
Kiém tra lai: khi g = T/2 thi 15 R Ti 2

Bai tdp 6.2: Khdo sdt dp ra ciia bé nghich luu cé bé rong xung khong ddi khi tan s6  thay
doi (gid si dieu khién hoan toan).

Goi q la bé réng xung tinh bing gidy, Vo 9
la khéng doi trong bai tdp nay. Tan s6 f ciia s P
bo nghich luu thay ddi, 1on nhdt iing véi tri
56 chu ky 161 thiéu 1/fuax bing 2.q . Bé réng
xung tinh bing dé bing:

O0=w-q=2nf-q .Biénd¢ séng hai ~ Hinh BT6.2
bdc n = 1 (thanh phdn co bdn) la 'V, :%Sin% =%Sin(n.f.q) . D€ c6 két qud khdo sdt tong

wt

qudt dat tin s6 £ = flfuax VOi fuax = 1/2.q hay f = f. fuax va ham s6 khdo sdt la:
=i/ (4‘7) Sln— trong dé f thay doi trong khodng 0 .. 1.

V’ ¢6 dang hinh sin. vdi khodng tan s6 thay doi hop 1y, khd xa tdn s6 cuc dai fuax, dp ra cé
thé xem la tuyén tinh theo tdn s6. Nguyén Iy nay cho phép xdy dung so do dieu khién rdt don gidn
dé thuc hién nguyén Iy V/ f = hing so.

Bai tdp 6.3: Khdo sdt séng hai ciia b nghich luu diéu khién léch pha theo géc léch pha.
(gid sit dieu khién hoan toan).

Nhut da chitng minh, khi hai nita cau diéu khién léch pha 6, ta cé dang xung diéu rong, bé
rong xung la @va song hai bdc n la..
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V. =%Sinn7e, n chi ¢é cdc gid tri lé va 6
thay doi trong khodng tix 0 .. x.

A

Khdo sdt ham sO

o= o)

thi sauvdin=1,5,7, 11, 13 . Cdc hai boi ba
khéng cdn xét khi dang séng duogc vng dung
cho hé ba pha

‘Sln— theo 6 cho ta dé

3. Han ché& s6ng hai ngo ra: 0 a5 : i3 2 23 3
a. Cic phudng phédp: Hinh BT5.2

Céc s6ng hai bic cao c6 cac tic dung:

- Gdy phdt néng phu: do dong khong hinh sin va hai bic cao 1am ting tdn hao trong day
din va 151 sit.

- Gdy momen phu: do cc thanh phan 3 pha bic cao tao ra trong dong cd xoay chiéu.

C6 nhiéu phuong phap d€ han ché séng hai bac cao, chia 1am hai nhém:

- Sit dung bé bién doi da cdp: Dang séng nac thang von c6 séng hai rat bé: Khi so sanh
dang séng nic thang va thanh phin co ban (bic 1) tudng @ng, c6 thé nhan xét 1a séng hai bac cao
khong ddng ké ké ca & tan s6 (nxl). fo , n: s& nic thang.

D€ thay ddi 4p ngd ra, ta thay ddi do rong xung cic bd bi€n ddi mot pha.

Bai tap 3: Ding MatLAB hay MathCAD phan tich séng hai ciia dang séng 12 ndc thang
hinh 5.17, diung s6 liéu ciia bdng hinh 6.3.7.a.

- Diéu ché dé rong xung (PWM): khi st dung nhi€u xung cho mdt ban ky va cé bé rong
khac nhau, cdc séng hai c6 tan s6 16n hon co bdn fp sé gidm nhanh, nhung c4c thanh phin & tan
s6 > (n-1) fo c6 gié tri rat 16n. Piéu nay khong dnh hudng 16n dé€n hoat dong clia tai vi dong dién
clia séng hai tuong tng khong 16n. Tac dung c6 thé 1a: gy ti€ng 6n, nhiéu tin s6 cao, phit néng
trong 161 thép.

C6 nhiéu phudng phép: di€u ch& d6 rong xung hinh sin (SPWM) ciing véi cdc cdi ti€n, triét
tiéu cdc hai chon truéc, ding bd so sanh cé tré (di€u rong thich nghi), diu rong vevtor khong
gian (SVPWM).

b. Chi tiéu ddnh gid k¥ thuit diéu réng xung (PWM) clia bd nghich luu:

* Chi s& diéu ch€ m: 1a ti s§ gifta bién d V;,, clia thanh phan cd ban (hai bac 1) clia dp ra
bd NL dugc khdo sit va bién do thanh phan cd ban V; e, clia dp ra khi diéu khién 6 nic thang.
DPé y day ciing 12 tf s6 clia hai gi4 tri hiéu dung:

m= ‘/lm _ ‘/lm _ ‘/lR
- a T2
‘/Isixfstep %V 7V

v6i V 12 4p ngudn DC va Vg 1a hiéu dung thanh phan co ban 4p ra.

* S6ng hai dong (4p) c6 thé d4nh gid qua THD% cilia dong (4p) ngd ra:
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o0 0

ZIiR [IZ _1'2 ZIim
Hé s6 méo dong dién ngd ra THD, % =100 =100 2 & _jp012=2 trong d6

1R IR 1m
I, : gia tri hiéu dung, I;z :hiéu dung thanh phan co ban, I;, :bién dd thanh phin co ban
va I, :bién d6 thanh phin bic n clia dong ra.
Biéu thifc cho hé s& méo 4p ra ciing c6 dang tuong tu.
Khi tdi 12 RL, hién dung thanh phin bac n dong dién I,x:
Vir Var L _ Vi _ Y,

= 2: 7 hayI—_ = nm
\/R2+(nwL) nw iz nViyp nV

nR
Im

N&u d€ y V,.x/Vix thudng bing 1/n, dong bic cao thudng gidm rat nhanh (ti 1& 1/ n?).

c. SPWM (Sinusoidal Pulse Width rrl.[
Modulation) Piéu ch& d6 rdng xung hinh sin:

v, ) 0785 |
|_L_ 0 |
N

%Vref /
i Vrm

Hinh 6.4.6.a: Nguyén Iy cla diéu rong xung hinh sin
La phuong phdp cd dién, so sinh 4p Vpm

chuan hnh sin Uger tn $0 fo va song mang am oy 646 Chi s§ diéu ché clia diéu rong xung

gidc vc tin s6 fe dé c6 ludt dong nge‘it cac hinh sin. V,m: bién do dp chudn V

ref -

nhanh cau NL. Vom: bién dd séng mang tam gic V. .
VCMAX
vC
v Urgr

av

tON

T ™ AT

Hinh 6.4.6.c: Sy tudng duong clia diéu
rong xung va nic thang

C6 thé chitng minh khong
khé khin 13 ti s& chiéu cao nic

Hinh 6.4.6.d: Cac dang song diéu rong xung hinh sin
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thang vy, trén bi€n do cuc dai

Vcmax cla séng mang v bang do rOng xung tudng ddi fon/ T cla dp ra vo trong khodng khdo sit.
Tir phd hinh 5.23d clia dang séng vi du hinh 5.23c, c6 thé nhin xét 1a cdc séng hai ¢ tin s&
khong 1an cin clia bdi s6 séng mang n.fc rat bé, dling vdi y nghid cda phép diéu ché.

10.087793 12

10

¢)
]

o]
o
e U TT loe, ol
oo gl o] Lol k)
0, 0° ﬂhQﬁOﬁ?thﬁ?ﬁ?ﬁ fj)fp’j)" rj)ﬂ anlalal®lals alaaaala (ji\?(\?fuof\or\of\ A (\?C%QO OO Q)Of‘n'\ [ollaWawal(e) %O{ﬁpo A0 glol Iy

0 10 20 30 40 50 60 70 80 90 100 110 120
0 m 128

Hinh 6.4.6.e: Phd clia dang song diéu rong xung hinh sin hinh d

Chi s6 diéu ché m trd nén phi tuyén khi V,y/ Vs > 1: bién do séng mang bé hon 4p chuin
(hinh 6.4.7.b), hay hé thdng chi tuyé&n tinh khi m < 0.785 hay thanh phin co badn 4p ra bing 0.5
bién d6 4p ngudn mot chiéu.

d. Piéu ch€ d6 rong xung hinh sin cii ti€n:

Biing cich thay d6i hinh dang ctia 4p chuin, chit lugng cia SPWM c6 thé dugc cai thién,
chi y&u la céc dic tinh:

- Gidm sd 1an déng ngit trong khi giff dudc dic tinh séng hai bac cao thip.

- Quan trong hon, 13 ndi rong pham vi thay d6i 4p ra trong khi vin giit dugc quan hé tuyén
tinh cda chi s di€u ché m.

- Lam don gidn so d6 diéu khién.

Vi du nhu khi bé sung vao dp chudn vggr thanh phan thit tu khéng (séng hai bdc 3), ta cé

thé ndi réng viing tuyén tinh ciia chi sé diéu ché’ m dén 0.907 (hinh 6.4.7). C6é nhiéu cdch thic
hién:
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(a) o | --'\‘ —

1 '-r—mi!ri'b (;T
{h 0 N —f

\\\
1 il
i
1 ric
[ L]
ich 04 .-“_‘-J _-‘.-_HTF _|
-1+ =1 st 1w

Hinh 6.4.7.a: Dang sdéng chudn Vref khi ndi o ]
réng ving tuyén tinh cda PWM (modified Hinh 6.4.7.bb: chi sé diéu ché m tuong ting.
SPWM)

- dang dp chudn hinh (a): 12 don gidn nhat, khi nhan xét 1a do hai bdi 3 khong ton tai trong
hé 3 pha, ta c¢6 thé ning cao thanh phin co ban trong VRef va trir bét di mot lugng hai bac 3 sao
cho bién dd 4p chuin vin biing bién d6 séng mang tam gidc:

Vngr =25 M cos(x) —+cos(3x) ;0 < M <1

e. Piéu ché theo miu:

Khi diéu khién dung vi xt 1y, viéc tao ra va so
sanh cdc dang séng thuc hién bing phan mém. Ta c6
thé thay th& séng hinh sin bing dang séng nic thang
dé giam khdi lugng tinh todn nhu hinh 6.4.8.a .

C6 thé diéu ch& d6i xitng hay khong ddi xing.
Khi diéu ch& ddi xing, s6 gid tri hinh sin trong mot
chu ky bing boi sd diéu ché N = fc / fo (tin s§ 14y
miu bing tin sd séng tam gidc). Bé rong xung & ky Hinh 6.4.8.a: Nguyén Iy diéu ché theo mau: thay
1y miu thi n dudc tinh theo cong thic (tir hinh thé hinh sin bang dang nac thang
6.4.8.b):

n-1 n UC n+l1 n-1 n UC n+1
Ti(n) T1i(n)
uq(n) Uu ug(n) Uy
— ] |
1 ua(t ts(n ts(n

Ts Ts
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Hinh 6.4.8.b: Diéu ché doi xting Hinh 6.4.8.c: Diéu ché khdng ddi xiing

n2rz

Tli(n)= %{W}TZM) =Ty-Tl(n) u,(n)=U, sm( )

Uc
V6i Tg: chu ky 1y miu; ug(n): dp chuéin tai ky 1dy miu thd n; Uc, Uy: bién do séng
mang tam gidc vd 4p chuin hinh sin. Tir cdc bi€u thifc trén, c6 thé tinh trudc ham sin(n.2n /N)
chita vaio ROM va tinh ra cdc do rong theo Ts, ti s6 Uy / Uc.

Khi di€¢u ché& khong doi xitng, s6 1an
tinh ham sin ting 1én gap ddi (hinh 6.4.8.c).

’\
wuxm W

V,(010)

f. Piéu ché vector khong gian - SVM
(cOn goi 13 diéu réng xung vector khéng
gian - SVPWM):

“‘Re
Y A(100)

\\ (@0 0)
V)

La phuong phdp tién ti€n nhit hién
nay, thich hgp viéc &ng dung cdc phin ti
tinh todn cho di€u rong xung hinh sin.

- Vector khong gian ctia dp ba pha:

12 cd s8 clia k§ thuat di€u ché vector khdng V(00 1) 0 Yelom
gian, md t4 hoat dong hé thdng ba pha dudi l<m’<0.907
dang vector. Ta c6 cic truéng hgp sau (khi

diéu khién hoan toan): Hinh 6.4.9: Vector pha khong gian

* Hé ba pha hinh sin d6i xding Vsin ot , Vysin (ot -21t/3), Viysin (ot -41/3) c6 thé bi€u
dién bing vector V quay géc o 1a toc do (dién) ciia tit trudng quay.

* Nghich lwu 6 nic thang c6 th€ bi€u dién bing b 6 vector V,, V,, V,, V,, V., V. mo
td sdu trang thai cda cdc ngit dién trong bd nghich luu (hinh 6.4.9 va 6.4.10). Sdu vector nay lam
thanh luc gidc déu va 4p ra 1an lugt di qua cdc dinh. Khi phin tich cdc vector khong gian nay theo
cdc vector cd hé 1, a = e a? = ™ ta ¢6 cic trang thdi déng ngit clia cac ngit dién twong
ung.

Nhan xét 1a 4p ra khong thay ddi dudc bién d6 va vector khong gian 1a gidn doan, di
chuyén nhdy cip lam séng hai bic cao c¢6 bién d6 16n.

Hinh 6.4.10: Vector pha khong Trang | Ngit dién | &p pha tai | 4p pha tai | 4p pha tai | Vector
gian clla NL sdu nic thang (6 thai dong Van Upn Ven khdng gian
step) 1 S1,85,86 | 2Vd/3 | -Vd/3 | -Vd/3 V (1,0,0)
N ] ] 2 S1,52,86 | vd/3 vd/3 -2Vd3 |V, (1,1,0)
Slﬁa i ng‘,c 3 $4,82,86 | -Vd/3 | 2Vd/3 | -Vd/3 V. (0,1,0)
vd 4 $4,52,83 | -2Vd/3 | vd/3 vd/3 V, (0,1,1)
_ 3?/ 3?/ S?/ 5 $4,8583 |-vdi3  |-vd3  [2vd3 | V0,0,
¥ 6 S$1,85,83 | Vd/3 2Vd/3 | Vd/3 V. (1,0,1)
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* Khi diéu rong xung hinh sin vdi tin s6 séng mang 12 fc = N.fy , hé thong s& gdm N vector
trang thdi nim trén dudng tron cébdn kinh thay ddi theo 4p ra mong mudn.

K§ thuat diéu ché do rong xung vecto khong gian 1a mo ti cdc vector trang thdi ndy theo
cdcvector cia NL sdu nic thang. P& c6 dugc bién dd 4p ra mong mudn, ta b sung thém hai trang
thai V,(0,0,0) va V,(1,1,1) tuong ing v6i ba ngit dién S1, S2, S3 ciing ngit va ciing déng, tuong
tng 4p ra bing khong.

- Cong thic cho diéu ché vector khong gian:

D& thuc hién vector khong gian V* ¢6 bién dd V* biing bd nghich luu ba pha, ta c6 thé
phan tich V'* thanh hai thanh phan niim trén 2 vector 1an cin cla NL 6 nic thang, vi du nhu

Vo VI | V2 VI\V7 V2 | V1 Vo
lo| ta tb |lo|lo| tb ta |to
2 212 2
phaa [S4] ST | S1 S1S1| S1 | S1 PB4

phab S5 S5 | S2 [S21S2| S2 L S5 IS5

phac [S6] S6 | S6 IS3|S3] S6 | S6 [S6

Tc Tc
Ts

Hinh 6.4.11.a: Phdn tich dp ra thanh Hinh 6.4.11.b:
cac thanh phan khdng gian

trén hinh 6.4.11.a, vector dién dp V* c6 vitri ot =a & gitta Viva V2 (géc 1/6 thit 1) ¢6 thé
phan tich thanh hai thanh phan Va, Vb niim trén Viva V2 véi:
V*sin(£-a)=V, sinZ V2 u,t
V*sin(ar) =V, sin &
T

T

Vaz%V*.sin(?—a)

suy ra: c
Y Vb= % V * sin(a) AL
Goi Tc 1a chu ky diéu ch& do rong xung, trong
khoédng thdi gian nay, trung binh dp ra phai tuong ng véi dp Vs
diéu khién. Tir biéu thic vector:
Hinh 6.4.11.c:

V*=V +Vb=t—aﬁ+t—b172 va T, =t,+t, +¢, tasuyra:

C C
V, N V, N s <4 S LR
t,=—%1, va t,= VTC’ thdi gian con lai ¢, =T, -t,-t, c6 4p ra bang zero, c6 thé

chon VO(O,O, 0) hay W(l,l,l) , sa0 cho s& 1an chuyén mach 13 it nhat. Hinh 6.4.11.b trinh bay dang
séng déng ngit ddi xing, géc o dugc 14y & vi tri gitta cda khodng thdi gian 14y mau Ts, giong nhu
trudng hgp di€u ché theo miu & phuong 4n ddi xitng (hinh 6.4.11.c). Cin luu y 1a chudi d6ng ngit
to, to, tp dudc chon lai khi thay d6i t6 hdp vevtor 6 nic sao cho s6 1an chuyén mach Ia it nhat.
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biéu kién d€ cdc tinh todn trén c6 y nghia 1a Ty, > ¢, +¢,, tuong dng V* niim phia trong
hinh lyc gidc déu hinh 6.4.9. Suy ra bién d6 ap diéu khién cyc dai V* :
2 . N
V= EVd'COS% L/ 0.577V, ; Vd: dp cap di€én mot chicu,

N

%Vd chinh Ia bién d6 ctia 4p 6 ndc thang (V, ... V,)

tuong ¢ng vdi chi s6 di€u ch€ m gi6i han bing:  mgy, = VVm"“‘ = 0'527;% =0.907
Isix—step 7 Vd

Trudng hgp khio sit trén dudc goi 1a 1am viéc trong ving dudi diu ché (undermodulation
region), khi d6 m thay d6i tuyé&n tinh theo bién dd 4p chuin. Khi mudn cé 4p ra ting cao, ta cin
mé rong viing diéu khi€n dién 4p bing cich ting cao 4p chuin V*, hé thdng lam viéc trong viing
qué diéu ché (overmodulation), m khong con tuyén tinh va ta cin thay d6i cong thiic tinh ta, th.

g. Triét tiéu cdc séng hai chon trude: Biang cach st dung nhitng dang séng c6 do rong xung
c6 dinh da dudgc tinh todn.

Véi dang séng diéu rong xung c6 cdc géc chuyén mach c¢d dinh, séng hai ngd ra s& 1a ham
s6 phu thudc cdc géc chuyén mach ndy. V6i n géc chuyén mach, c6 thé cho n séng hai bing
khong d€ nhan dugc n phuong trinh c6 4n s6 14 cdc géc chuyén mach. Khi gidi ra ta dudc thong s&
ctia dang séng c6 cdc séng hai chon trudc bi triét tiéu.

R 2 Z N N ~ V — ey -
Uu di€m cda phuong phdp nay la rat a,

Vo
hiéu qua khi ta chon cdc thong S(A),?h(')'p ly: tac a. .n o (@)
dung clda séng hai gidm ding ké trong khi ' Wi
tan s6 déng ngit vin bé. BAt Igi 16n nhit cla n/2 J |_
phuong 4n ndy 1a dang s6ng ra c6 dinh, phai 2V o, oV
thay d6i 4p ngudn dién mot chiéu dé thay

B Vo3
ddi dién 4p ngd ra va bién ddo mot sd séng (b)
N 2 2 R =
hai khic c6 thé ting cao. T

wt

Vi du: Tinh cdc géc 6, 6 aé dang
song v hinh 6.4.12.a khong c6 cdc song hai
bac 5, 7. Hinh 6.4.12: Dang song diéu rong xung hinh sin (a)

va phan tich chinh thanh cac dang cd ban (b)

Dang séng diéu rong xung hinh 6.4.12.a cé thé phdn tich thanh cdc dang séng co bdn nhu
hinh 6.4.12.b va nhu vdy, ta co:

Vo = Vo1 — Vo2 + Vo3,
VJi Vo1, Vog, Vog la cdc dang co bdn cé bién dé 2V, 2V, Vva db rong 2a;, 2azva .

Dang téng qudt ciia bién dé cdc séng hai la:
V. _AV [1—2 sinn.oy +2sinn.a

n =" - } Viét ra biéu thitc ciia hai bdc 5va 7 :

T 5 ’ T 7
Cho Vs va V; bing khéong, gidi ra a; =56.7°, az = 66.4° . Pdy chinh la cdc thong s6 ciia

4V | 1-25sin5.09 +2sin5aq 4V | 1-2sin7.a9 +2sin 70
V5 =—— : V7 =2V
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dang song khéng co hai bdc 5va 7.

Khido V; = 1.068V, tuong ing voi gid tri hiéu dung Vig = 0.755V

Thit tinh hai bgc 11, 13: Vii=0.521V V;3=0.156V

Cdc tri sé nay khd lon.

Cé thé néi réng phwong phdp nay dé tinh cdc géc chuyén mach sao cho:
Zi:iakvlf —min, trong d6 'V}, la bién d¢ ciia cdc séng hai dién dp cdn han ché, cé bdc 1Ay
ti i dén j; ay, la cdc trong s6, ¢6 thé la ham s6 ciia k.

h. Pi€u ché€ @6 rong xung st dung bo so sinh cé tré:

b
—
P ZN
SO SANH SMIT >
r—
Pha A _Dit Out
éﬁ + pha
— 0
2 LA 2 ZN
Phan hoi —e}

Hinh 5.22.a: SG do nguyén Iy diéu rong xung dung bd
so sanh co tré

Khi cdc dai lugng mong mudn ndi ngd ra
BBD qua mach loc cho qua tan s§ thdp nhu: dong +v:
dién clia dong co khong ddng bd, c6 thé ding so
d6 hinh  d€ diéu khién bd nghich Iwu. Tin hidu

dit & day 1a ngé ra mong mudn, hinh sin. Bd so t
A 2 v
sdnh s€ yé€u cau mach dong lyc déng ngat sao cho v L L <

tin hiéu phin hoi sau khi qua bd ti 1& bam theo tin
hiéu diat. Vi du nhu & diéu khién dong dong cd
xoay chiéu: tai mdi thdi di€m, khi dong dién con
bé hon gid tri dit bo diéu khi€n sé déng ngudn
duong vao tdi d€ 1am ting dong tdi. Khi dong tai
Vgt qué gid tri dit, mach diéu khi€n s& d6ng vao nguén Am lam dong gidm xudng. Nhu viy ngd
ra sé& dugc gilt & gia tri gid tri dit véi sai s6 dinh trudc, séng hai khi dé rat bé.

Hinh 5.22.b: Cac dang song diéu rong xung
dung bd so sanh co tré phan hdi dong dién:
iror - tin hiu ddt dong; io : phdn hoi dong

vo . dang ap ra; v; : hai cd ban cla dién dp ra

So dd diéu khién nay con st dung trong cdc bd nghich luu cin 4p ra hinh sin. Khi d6 mot
bd loc LC sé& dugc sit dung & ngd ra bo nghich Ivu va nhu viy c6 thé diéu khién 4p ra nay bam
theo dang séng mong mudn hinh sin.

BAt 1gi 16n nhit clia phuong phap nay 13 tAn s6 d6ng ngit phu thudc dic tinh tdi, ra't khé
khong ché. Thong thudng, ngudi ta st dung ngit dién c6 thé déng ngit & tAn sd rit cao nhu
MOSFET, IGBT hay khong ché thdi gian dong (ngit) t8i thi€u. O phuong 4n sau, chit lugng ngd
ra s& bi 4nh hudng khi hé thdng lam viéc ngoai vang tinh toén.

V.3 MACH PIEU KHIEN NGHICH LUU:

1. Mach tao logic ba pha:
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JUHTUUU DU U e

Udk u?
A==t s JL L ®
5] e & | ] Q
Q4 S2
= F | ] | @
§§ S3 ﬂ Q3
CD4017 S4 ﬂ m

e
[

Hinh 5.39 trinh bay nguyén 1y ctia mach tao ra logic ba ’—’ ’—LSZ

pha, c6 thé dugc sit dung trong nghich lwu ngudn dong hay

nghichlvu nguén dp don gidn (di€u ché do rong mot hay Hinh 5.30.b: Cac dang song logic ba pha,
nhiéu xung). Céc sd dd diéu ché& xung hinh sin hay moi lic c6 hai ngdt dién ban dan lam vigc.
diéu khién bing vi xit 1y ciing c6 nhitng khdi c6 cling chiic ning d€ ddm bao thif ty ciia hé ba pha.

Hinh 5.30a: Mach tao logic ba pha

CD4017 1a vi mach d€m vong Johnson 10 trang thdi: sau mdi xung dong hd CLK lan lugt
c6 mot ngd ra 1én 1 (hinh 5.30.b), Q6 dwa vé chan Reset dé hé thong chi con 6 trang thdi tuong
ttng vdi logic 3 pha. C4c mach OR t& hdp cdc ngd ra bo d€m lam thanh cdc xung diéu khién ngit
dién ban din theo sd d5 mdi lic c¢6 hai ngit dién 1am viéc (trén hinh 5.27.b vé tin hiéu diéu khién
hai ngit dién S1 va S2, cdc ngit dién khéc cling tuong tw — xem muc V.3 va V.4 vé logic 3 pha).

Bai tdp : Sit dung cdc Set — Reset Flip Flop dé suy ra cdc tin hiéu diéu khién so dé nghich
Iwu nguon dp hinh 6.3.2.a (méi liic ¢6 3 ngdt dién lam viéc) tit logic ba pha diing CD4017 trén.

2. Mach tao ap chuén hinh sin ding ROM va DAC (bi€n ddi so tuong tu):

Trong cic s6 dd0 SPWM Pha A
hay diéu khién ngé ra bam rom ) Data >
theo hinh sin chudn diing phan HEN IEU KHIEN pha B
cting, hat nhan clia mach diéu BIEN AP |rom ) g;;an >
khi€n 12 bo tao hinh sin c6 bién Pha C
do va tin s6 diéu khién dugc, VEC 2rov| = §§t2A> RN
Véi s @6 SPWM, hat nhin v oy
nay ciing cho ra dang séng tam 1 PC |— ref DA> HS A m A A
gidc c6 tin s6 1a boi s§ va Udk ! dia_‘:h)ilROM —)|paca
dong bo véi hinh sin chudn. Hinh 5.31: Mach tao dp chudn hinh sin va song mang rang cua
bi€u nay s€ ddm bdo cho so dd diéu ché do rong xung hinh sin (SPMW)

4p ra gidng nhau & cac pha va loai bé kh3 ning c6 séng hai & tan s& thdp hon tin s& cd ban (cla
hinh sin chuén).

Trong mach tao 4p chuin hinh sin ding ROM va DAC, bién d6 hinh sin chuin va cdc séng
tam gidc dudc 14y mAu (thuc chit Ia tinh todn) va chita trong ROM. D€ t4i hién lai cdc dang séng,
céc gid tri nay dugc doc lai tuin tu va chuyén ddi ra tin hiéu tudng tu (analog) bing DAC. Tan s&
tai hién (playback) f dugc tong hgp bing bo bi€n ddi dién 4p - tin s6 VFC tit 4p diéu khién
Udk :
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f= k.Udk =N.fo,v6i k:hésot f,

1& (Hz/ volt); fo : tn s6 ngd ra mong mudn; N : s§ _|600 c c
mau clia mot hinh sin chuin.

f chinh 12 tin s& xung ddng ho clia bd d&€m
chuong trinh PC cung cadp dia chi cho ROM chita |
gid tri bon dang séng: ba cho hinh sin ba pha va |59
mot cho séng tam gidc. Cac DAC bién ddi tir so ra
dién 4p, tao ra cdc tin hiéu mong mudn. P€ thay [
ddi bién dd cac hinh sin, DAC dugc st dung la
loai nhan va tin hiéu diéu khién bién d6 dugc dua
vao chan 4p chuin REF cia né.

Khéi diéu khién dién 4p PKU c6 thé don
gidn thyc hién quan hé U/ f = hiing s8, hay gdm

112.5 125 | 150 fO

Hinh 5.32: quan hé tdn sO song mang fc va tin
s ngo ra fo

ca viéc bu gidm tdc theo tai.

Vi so @6 hinh 5.31 ta c6 su dong bd gifta cdc hinh sin chuin 3 pha va séng mang tam
gidc. Vi chi c6 mot séng mang diing cho ba pha hinh sin, tin s6 séng mang fc cAn 12 bdi sdu clia
tan s6 ngd ra fp d€ cac dang séng ngd ra gidng nhau. Piu nay s& khong that sy can thi€t khi ti s&
fc/ fo kha 16n (vai chuc).

Hinh 5.32 12 mot vi du minh hoa qui luat thay ddi fc theo fo (dudng dam trén hinh) véi
femax =600 Hz va foyy =300 Hz. ke = fe / fo 1a bdi s6 diéu ché. Khi tan s6 bé hon 12.5 Hz
ta khong cAn c6 sy ddng bo giira hai tin hiéu. Mot khé khin khdc phat sinh 14 khi k¢ thay d6i, c6
sy thay ddi khong lién tuc clia séng hai bac 1 clia dién 4p ra.

3. Mach diéu khi€n nghich luu diing chuong trinh ROM:

Vi nhan xét trang thai cla cdc ngit

dién ban din trong bd nghich lvu dié

khién @6 rong xung la d6ng hay ngit

mot cdch tudn ty c6 chu ky, khong gk
thay ddi n€u dang séng ngd ra &—
khong ddi (nhu dang séng triét tiéu 1 - Dia chi chon chu ky

cdc hai chon truGc da khdo sit); co 2 : Dia chi quét trong chu ky

the ghi trang thdi dong ngat sau cic \pop 5 33- Mach didu khién nghich luu dung chuong trinh ROM
khoang thdi gian bang nhau ctia

cdc ngdt dién thanh chuong trinh cda by nhé chi doc ROM. Chuong trinh ndy sé dudc truy xuat
tudn ty d€ diéu khién cac ngit dién ctia bo nghich luu, tao ra dang séng mong muén. Hinh 5.33
trinh bay mot sd dd khdi thyc hién nguyén ly nay. Dién dp diéu khién Uy dude bi€n thanh tin s§’
qua bd bién d6i dién 4p/tin s6 VFC, lam xung nhip cho bd d€m chuong trinh PC, 1a b phan cung
cAp dia chi cho ROM. PC 12 by d€m nhi phan c6 s trang thdi bing s6 trang thdi tao thanh dang
séng diéu khi€n nghich luu trong mot chu ky 4p ra. Noi dung cia ROM da dudc tinh todn sao cho
ddm bio 4p ra c6 tri s6 mong mudn (diéu khién 4p) va séng hai bac cao bé (han ché hai bic cao).
Khi thay d8i Ugg ,tAn s6 xung nhip PC thay d8i va tdn s6 ngd ra dugc dugc thay d6i theo ti 18.

ROM | o) bén cic
ngat dién

Pé€ thay d6i dang séng ngd ra theo tin s6, ROM chita nhiéu dang séng ng vdi cic tin sd
khic nhau va khdi do tin s& sé& thay ddi phan dia chi do né quan Iy dé€ chi d€n ving dif liéu tuong
ting. C6 thé xem dang séng mot chu ky & mot tn s6 14 mot trang va cic trang thdi clia cdc ngit
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dién trong mot dang séng la nhitng dong trong mot trang. Vay PC cung cap dia chi cac dong va bd
do tAn s6 cung cAp dia chi trang. Tin hiéu ddng bd tir PC yéu cau bd do tin sd chi dugc phép thay
ddi ngd ra & diu cac trang d€ trdnh nhitng thay ddi dang séng khong kiém soit.

Vidu:

- Tdan s6' ngd ra nghich luu fo thay doi tiv 1 .. 64 : Chon méi Hz la mot dang song, suy ra
ROM c6 64 trang dang séng, dia chi trang gom 6 bit.

- Chon mdi dang séng c6 N = 255 trang thdi (chon chia chdn cho 3) cé thé dia chi héa
bdng 8 bit. Vay PC la bé dém nhi phdn 8 bit nhung dugc reset & trang thdi thit 255 va ROM can 14
chdn dia chi, tuong ting dung luong la 128 Kbit hay 16 Kbyte.

- Tan s& xung nhip ciia PC la N. fo = 255.fo , cuc dai bing 255%64 = 16.32 kHz .

- C6 thé sit dung bé dém 6 bit dé lam bé do tan s6, thoi gian mé cong la 64/16320 = 3.92
mili gidy ( dém duoc 64 xung & tan sé xung nhip bing 16.32 kHz).

- Khi quy dinh sy thay doi ciia bién dp Uag va khodng tan s6 ngé ra tuong iing, cé thé suy
ra hé s6 ciia VFC.

Uu di€m clia phuong phap nay 1a c6 thé diéu khi€n dién 4p va han ch& séng hai bac cao
vdi chat lugng khd tat trong khi mach xt 1y rit don gidn. Nhudce di€m 16n nhat 12 dang séng & mdi
tan s6 12 da dinh truc, khong thé thay ddi theo diéu kién thuc t€ vi du nhu 4p ludi gidm so véi
tinh todn, hay cin bu sut 4p theo tai ..., s6 dang séng 1a hitu han.

4. Stt dung vi xit Iy cho diéu khié€n nghich lvu:

Viéc st dung cac phan tif tinh todn cho diéu khién c6 cic dic tinh:

- Chiic ning diéu khién phong phi, thay ddi d€ dang.

- Tinh tich hgp cao: gidm kich thuéc hé thdng, gidm kha ning hdng héc.

- Thyc hién dudc cdc thuat todn diéu khién tir don gidn dén rat phic tap véi gia thanh
khong ting theo ti 1€.

- Ngoai kh4 ning diéu khién, vi xtt Iy con ddp tng dudc cic yéu cAu clia mot thi€t bi cong
nghiép hién dai ma gid thanh khong ting nhiéu: diéu khi€n tir xa, ghi nhan trang thdi lam viéc
(151), n6i mang thong tin, giao dién han thién vi ngudi dung. ..

Hé thong diéu khién nhu vAy 1d mot mdy tinh cho muc dich diéu khién, c6 thé c6 bo giao
ti€p vdi cdc ngoai vi tuong ty d€ 14y dic tinh dong 4p, c6 kha ning tinh toin manh dé thuc hién
dudc cdc thuit todn phifc tap (tinh ma trin, sin cos) vdi do chinh xdc can thi€t. PE diéu khi€n chat
lugng cao, thudng phdi ding vi xit Iy > 8 bit + DSP (bd xit 1y tin hiéu s0).

V.6 BIEN TAN:

L2 bo bi€n ddi dién xoay chiéu cda lugi cong nghiép thanh dién 3 pha c6 tin sd thay ddi,
bi€n tan hién dudc ¥ng dung rong rii trong cong nghiép d€ diéu khién tdc do dong cd AC. Pay la
phuong dn hi€u qué nhat:

- C6 thé str dung dong cd khong ddng bd ré tién, chic chin
- Piéu khién tin s6 dong co AC 1a phudng 4p c6 hiéu suit cao, chat lugng tot.
Céc bo bi€n tAn c6 mach dong lyc dit tién, so d6 diéu khi€n phic tap, chi dugc phd bién

trong thdi gian gan day nhd sy phat tri€n vurgt bac clia cong nghé ché tao ban dan, & ca linh vuc vi
mach va cong suit.
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dung BBD d4o chiéu 12 hai cdu 3 pha, diéu khién
chung tuyén tinh. a, b 12 hai goc DKP cla hai b
chinh Iuu, thay ddi theo luat tam giéc.
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C6 hai dang bi€n tin: Bién tin truc ti€p (cyclo-converter) va bi€n tin qua trung gian mot
chiéu.

i z

NP OO A0
MY VYV VIV VY NV VY \vf(\{i(\h
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h 6.6.1: Ap ra (mot pha) bien tan trc tep SU g 6 4 1 41 14 (mot pha) bign tan truc tiép st dung

BBD ddo chiéu 1a hai cdu 3 pha sii dung ngdt dién
chuy&n mach cuBng bic, tao ra 4p c6 tan s cao hon tan
s IuGi dién.

- Bién tan tryc ti€p chinh 12 bd bi€n d6i ddo chiéu (chinh luu diéu khién pha ddo chiéu),
dugc diéu khi€n dé€ c6 4p ngd ra thay ddi cuc tinh ¢6 chu ky: 4p ra xoay chiéu nay chi c6 thé c6
tan s6 khd bé so véi tin s6 1u6i dién. B bi€n ddi ddo chiéu hinh 4.6.3 ¢6 thé 1am thanh mot pha
clia bo bi€n tan tryc ti€p véi thuat todn diéu khién thich hgp. Khi thay the SCR bing ngit dién c6
diéu khién khéa, ta ¢6 th€ nhan dugc nhiéu tinh ning tot hon.

- Bién tan c6 trung gian mot chiéu c6 so dd khdi nhu hinh 6.6.2, gdm hai bo phan: chinh
luu dau vao va nghich lvu & dau ra. TS hgp hai BBP nay lam ra nhiéu so d6 khic nhau véi kha
ning va pham vi st dung rit khic biét. Thuat toan diéu khi€n bi€n tin ciing rdt phong phd, va
hién van ti€p tuc phét tri€n cling v6i viéc tng dung cong cu diéu khi€n méi nhim ning cao chit
Iugng hoat dong.

C6 hai loai: Bi€n tan véi nghich lvu nguon ;.. T NL Téi
dong (NLND) va nghich lvu nguon d4p (NLNA). s—/ AHT ND ——
Cédc bi€n tan nay can ddm bdo cdc yéu cau: 3 3

- Thuc hién dugc logic ba pha, thay ddi tan

ora. ‘ Ludi *EYT NL Tdi

- Biéu khién dp theo dic tinh cia téi, vi du @_/L _H_ + _7L®
néu tai dong cd phdi ddm bio mach tir khdng bdo 3 CT NA 3
hoa biing quan hé U/f = hiing s& nhu da khdo sit.

) _ Hinh 5.34: Bién tin co trung gian mdt chiéu
- Han ché dugc séng hai dp (dong). bBic

tinh nay phu thudc vao so dd dong luc, algorit diéu khién nghich Iuu.

Nguyén 1y diéu khién dong co AC diing bién tin:

Khi tin s6 thay ddi, tir trudng quay clia cdc cudn diy xtator c6 tdc dd thay d6i theo quan
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60 - N s e ‘i
hé n, = —f; trong do n, tinh bang vong/phiit, f: tin s6 (Hz) va p la s6 doi cuc.

Rotor sé& quay theo tif trudng quay vdi do trudt s hau nhu khong ddi.

C6 hai nguyén 1y chinh cho diéu khi€n dong co khong ddng bo diing phuong phap thay ddi
tan so:

- Diéu khién U/f hdng: khi tin s6 thay d6i, dién 4p dit vao cudn day ciing thay ddi ti 1& dé
tranh viéc ting mat do tir thong din d€ ting dong tir hod.

-Diéu khién vector déng co KDB:

La phuong 4n hién dai, sit dung cdc vi xif Iy méSi c¢6 kha ning tinh todn rat manh d€ diéu
khi€n dong co KPB.

Phuong 4n nay khic phuc nhuge di€m quan trong clia cdc so dd diéu khién U/f hiing 1a
momen dong cd thap, dic biét khi tin s6 1am viéc nhé hon 3 Hz. BBP diéu khién U/f hiing chi
cung cAp cho dong cd mot dién 4p ba pha tuong ng tin sd 1am viéc, dong qua dong cd thay ddi
theo trang thai cia dong cd.

Biing cdch khdng ch& ddc 1ap dong tir ho4 (tao ra tir thong khe hd) va dong rotor (tao ra
momen quay), bi€n tin diéu khi€n vector c6 thé diéu khi€n dugc momen dong cd KPB nhu di
lam v&i dong cd mot chiéu, bén canh kha ning diéu khién t6c d6 thong qua sy thay ddi tan s6.

C6 hai sd dd diéu khién vector: c6 phan hdi vi tri rotor (c6 cdm bié€n vi tri) va khong ding
cam bién (sensorless). SO d6 dAu tién cho phép diéu khién chinh x4dc nhung phdi ding dong co
ché tao riéng trong khi phuong 4n sau c6 thé diing dong cd KPB thong thudng.

Khi bi€n tAn dugc dung d€ diéu khién t6c do dong cd, so dd diéu khién con c6 cdc chirc
ning: han ché& sut toc khi hoat dong, bdo vé qua tai, diéu khién thdi gian ting, gidm toc.

V.7 UNG DUNG:
1. C4c bd ngudn tan so cao:

Nhu ¢ gidi thiéu trong muc phan loai, ta ¢6 thé nung néng cdm ng cic vat liéu din dién
bing dong dién cAm ng. Dy tan sd 1am viéc thay ddi tir tin s6 cong nghiép d&n vai tram KHz:

- Tan 6 1am viéc gidm khi cong suat ting.

- Tan sd cin phdi ting ting khi bé ddy lam viéc gidm (tdi bé mit thép).

C6 thé stt dung NL ndi ti€p hay song song véi ngit dién 1a thyristor trong cdc bd ngudn
tin s8 cao. O tin s6 16n hon 100 KHz, ¢6 thé diing transistor hay cdc dén chan khong truyén
thong.

Nhu di khdo sit § V.2, cic sd d0 NL song song c¢6 dang NL ngudn dong véi tdi cong
hudng 12 cudn day 1am viéc va dién dung b cos ¢ cho né. Trong thdi gian gan ddy, ngudi ta bit
d4u diing transistor vdi cdc so dd c6 chuyén mach khi dong (4p) bing khong.

2. C4p dién déng ngit (bd ngudn xung) sit dung nghich luu:

Bo nghich luu c6 thé dung cho bd cip dién déng ngit c6 sd dd khdi hinh 4.21 clia chudng 4, bi€n
ddi dién mot chiéu thanh xoay chiéu, cung cip cho bi€n 4p tin s cao. Nhd dé kich thudc va gia
thanh bi€n 4p nay va mach loc ngd ra giam dang ké.

Mach nghich Iuu c6 dang so do nita cau khi cong sud't nhdé hon 500 w va sd dd ciu khi 16n

hon. Trong hinh 5.7.1.a, T1 12 bi€n 4p gidm (ting) 4p, ta c6 ngd ra mdt chiéu sau khi chinh luu va
loc phing. PE c6 4p ra &n dinh, ngd ra dugc phdn hdi d€ thay ddi do rong xung bo nghich luu.
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Véi so dd nita cdu, diéu khién khong
hoan toan dudc sit dung. Do ngd ra bi€n
ap dudc chinh luu, tai bo nghich luu dugc
xem 1a thuan trd. v - 1 Thr
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phién din dién cda SI va S2) nhd by ©
chia hai dung flip—flop. Pay 1a hat nhdn Hinh 5.25.a: mach dong luc phan nghich luu clia cap dién
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Hinh 5.25.b: mach diu khién nghich luu ddy kéo ( dung
trong cap dién dong ngat )

Diéu khién
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Nap Nghich Chuyén mach
Accu luu
23. Bo ngudn xoay chiéu khong i
gian doan (b0 Iluu dién hay =
uninterrupted — power — supply): Hinh 6.7.2: So dd khoi bd ngudn xoay chiéu khdng gidn doan

Hinh 6.7.2 trinh bay so d6 khdi bo luu dién (UPS), dugc st dung cho céc thi€t bi diing dién
quan trong khong thé mi't dién bi't ngd nhur may chi clia mang may tinh hay cic may dién ti y t&.
UPS sé€ cung caAp dién tam thdi khi mat ludi trong khi chd luu dit liéu dang 1am viéc hay cho chay
mdy phdt du phong. So d6 khdi bao gdm bo nghich luu st dung accu va bé chuyén mach (10 le
hay TRIAC). Binh thudng tdi diing dién 1u6i, chi chuyén sang st dung ngudn nghich luu khi mat
ngudn nén UPS c6 sd dd khdi nhu vay dugc goi 1a loai OFF-LINE. Thdi gian chuyén mach phai
di bé, khodng vai chuc msec d€ tdi xem nhu dugc cung cip dién khong gidn doan. Bo nap accu tu
dong ddm bao hé thong ludn sin sang lam viéc. C6 loai UPS khong c6 bd chuyén mach va bo
nghich luu ludn 1am viéc, nhu 12 bo bi€n tan c¢6 khau trung gian mot chiu v6i ngudn dy phong 1a
accu § mach mot chiéu (loai ON-LINE).

O cdc bo UPS cong sudt bé (< 1.5 kW), mach nghich lvu 1a mot pha s& dung bién dp c6
di€m giita, thich hop vdi accu c¢6 dién dp bé (12V hay 24V). Ap ra dugc diéu khién biing cich
thay d6i do rong xung. Mot vi mach tuong tu TL494 c6 kha ning lam viéc & 50 Hz dugc st dung
cho diéu khi€n nghich luu (SG3524).
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